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EVAPORATION  OF  BRINE  FROM  SEARLES  LAKE,  GALIFORNIA... 


By  W.  B.  Hicks. 


INTRODUCTION. 

The  bed  of  crystalline  salts  known  as  Searles 
Lake,^  in  southeastern  California;  contains  the 
most  valuable  potash-bearing  brine  known  in 
the  United  States.  This  salt  body  has  an  ex- 
posed surface  area  estimated  at  11  or  12 
square  miles  and  an  average  depth  of  about  70 
feet.  For  the  most  part  it  is  firm  and  compact 
enough  to  support  a  wagon  and  team,  even 
during  imusually  wet  seasons,  when  it  is  some- 
times flooded  with  a  thin  sheet  of  water  that 
dissolves  the  surface  salts  to  a  slight  extent. 
The  deposit  contains  in  the  interstices  between 
the  salt  crystals  a  saturated  brine  the  volume 
of  which  is  estimated  to  be  more  than  25  per 
cent  of  that  of  the  entire  saline  mass.' 

The  brine  contained  in  this  so-called  lake  car- 
ries about  2.1  per  cent  of  potassium,  or  the 
equivalent  of  about  4  per  cent  of  potassium 
chloride.  It  is  composed  chiefly  of  the  chlo- 
rides, sulphates,  carbonates,  and  borates  of 
sodium  and  potassium.  It  is  essentially  differ- 
ent from  the  brines  used  in  the  manufacture  of 
potash  in  Germany,  and  on  that  account  a  dif- 
erent  process  is  required  for  the  extraction  of 
the  potassium  from  it.  Economical  methods 
for  extracting  the  commercial  salts,  including 
potash,  from  this  brine  are  now  eagerly  sought, 
but  none  yet  tried  have  been  proved  commer- 
cially successful.  Fractional  evaporation  and 
crystallization  form  an  essential  part  of  the 
methods  which  appear  to  give  the  most  promise, 
and  detailed  knowledge  of  the  effect  of  evapo- 
ration on  these  brines  is  therefore  of  special 
interest.  It  is  difiicult  to  predict  from  theo- 
retical considerations  what  will  be  the  effect  of 
evaporation  on  the  various  constituents  of  so 

1  Fcr  a  detailed  description  of  this  soKsalled  lake,  see  Gale,  H.  8., 
Balixifls  in  the  Owens,  Searles,  and  Panamint  basins,  soatheastern  Cali- 
fornia: U.  8.  Oeol.  Survey  Bull.  580,  pp.  aaS-317, 1914  (Bull  680-L). 

s  Gale,  H.  8.,  op.  cit.,  p.  274. 


complicated  a  system  as  that  represented  by 
the  brine  of  Searles  Lake.  All  the  necessary 
data  for  an  adequate  discussion  of  the  subject 
have  not  been  worked  out,  and  direct  experi- 
mental data  on  the  evaporation  of  brines  of 
similar  composition  are  meager. 

In  a  recent  Survey  report  by  the  writer" 
some  results  have  been  presented  which  were 
intended  to  throw  further  light  on  conditions 
governing  the  deposition  of  salts  from  solution 
and  thus  to  aid  in  solving  the  problem  of  ex- 
tracting potash  from  American  natural  brines. 
Solutions  prepared  in  the  laboratory  were 
employed  in  the  experiments.  Simple  salt 
mixtures  were  used  at  first,  and  by  gradually 
including  other  salts  more  complex  brines  were 
obtained  and  subjected  to  evaporation,  al- 
though none  were  strictly  comparable  with 
those  f oxmd  in  nature.  It  was  not  possible  to 
do  more  than  a  small  part  of  the  experimental 
work  contemplated  at  the  time,  and  the  results 
were  presented  as  a  first  chapter  in  the  study  of 
the  general  subject  of  potash  brines.  Some  of 
the  data  obtained  are  significant  and  suggest 
the  importance  of  a  more  thorough  investiga- 
tion of  the  subject. 

As  a  continuation  of  the  experiments  just  men- 
tioned, the  natural  brine  from  Searles  Lake,  Cal., 
has  been  subjected  to  fractional  evaporation 
and  crystallization,  and  the  effect  determined 
by  analyzing  the  crystals  that  separated  from 
the  solution.  The  results  are  presented  in  the 
present  paper  as  a  second  contribution  in  the 
study  of  potash  brines.  It  is  hoped  that  they 
may  be  of  value  in  developing  an  economical 
process  for  the  extraction  of  the  commercial 
salts  from  American  brines  and  also  in  studying 
those  general  geologic  problems  with  which  the 
deposition  of  salts  from  solution  is  connected. 

>  Hicks,  W.  B.,  Evaporation  of  potash  brines:  U.  8.  GeoL  Sunray 
Prof.  Paper  05,  pp.  64-73, 1915  (Prof.  Paper  OS-E). 
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Because  of  the  acute  condition  in  the  potash 
situation  and  the  eagerness  with  which  econom- 
ical methods  for  the  extraction  of  potash  from 
brines  are  sought,  it  setflns  xlesirable  to  give  to 
the  pubUc  as  rapiHl^.^*  possible  all  informa- 
tion bearing-,  (in*,  the  subject.  This  has  led  to 
the  puli^Ucatabix  of  this  paper  at  the  present 
tii]ivJ.altjhough  only  a  small  part  of  the  experi- 
Tfienial  work  planned  has  been  done.  The  re- 
sults here  set  forth  may  be  supplemented  later. 

THE  BRINE. 

Six  samples  of  brine  from  Searles  Lake  were 
collected  May  14,  1912,  by  R.  B.  Dole,  and 
were  preserved  in  sealed  glass  bottles.  Each 
sample  represented  about  equal  quantities  of 
brine  from  several  wells  as  indicated  below: 

Samples  of  brine  from  Searles  Lake,  CaX. 


No. 


1 
2 


6 


Source. 


Brine  at  surface. 
WeUS.  E.  v.... 
WeUS.  E.  IV... 

fVl'eUB 

WellA 

WellS.  E.  VI... 

fWeUE.  6 

WellS.  E.  6 

WeUE.  8 

WellF 

^VellS.  E.  3 

WellS.  E.  4 

WeUS.  E.  8 

WeUE.  9 

/W-eUE.  10 

WeUE.  11 

WeUE.  13 

WeUS.  E.  2 

WeUS.  E.I 

WeUN 

WeUT 

WeUU 

WeUS.  E.  I 


Location  .<■ 


SW.  Jt  sec. 

»  •  •  •  •  ^l\#  •  •  *  • 

NE.  \  sec. 
SE.  i  sec. 
NE.  i  sec. 
Center  sec 
SW.  i  sec. 
Center  sec 
SW.  \  sec. 
NE.  \  sec. 
NW\isec 
NE.  \  sec. 
SE.  J  sec. 
NW.  J  sec. 
NE.  J  sec. 
SE.  \  sec. 
SW.  i  sec. 
SE.  }  sec. 
SW.  J  sec. 
NW.  \  sec 
SW.  }  sec. 
NW.  Isec 
SW.  i  sec. 


15... 

•      «       ■       •       4 

23... 

15... 

22... 

.22.. 

22... 

.23.. 

23... 

26... 

.  25.. 

25.. 

25... 

30  b. 

31  b. 
36... 
36... 
26... 
27... 
31b. 
28... 

,28.. 
27.. 


Depth. 


Feet. 

2 
20 
20 
30 
25 
30 

(?) 

Deep. 

ShaUow. 

Deep. 

Very  deep. 

Very  deep. 

Deep. 

10 

Veiy  deep. 

Deepest. 

Deep. 

Very  deep. 

6 

Deep. 

Very  deep. 

Deep. 


o  All  in  T.  25  8.,  R.  43  E.,  except  as  otherwise  indicated. 
» In  T.  25  S.,  R.  44  £. 

In  October,  1914,  the  writer  prepared  a 
composite  sample  of  brine  consisting  of  1  liter 
from  each  of  the  six  bottles  described  above. 
The  brine  was  filtered  from  the  suspended 
matter,  thoroughly  mixed,  and  preserved  in  a 
large  bottle  closed  with  a  rubber  stopper. 
When  this  solution  was  allowed  to  stand 
crystals  were  slowly  deposited  from  it.  These 
crystals  would  not  redissolve  readily  on  warm- 
ing and  shaking.  In  April,  1915,  the  brine  was 
filtered  at  22.5®  C,  and  both  the  crystals  and 
the  solution  were  analyzed.  The  crystals, 
collected  on  a  Monroe  crucible  and  dried  by 
suction,  weighed  18  grams.    Microscopic  ex- 


amination by  W.  T.  Schaller  showed  that  the 
crystals  were  composed  largely  of  a  mixture  of 
sodium  chloride  and  borax.  This  was  confirmed 
by  analysis,  which  gave  the  following  results: 

Arudysis  of  crystals  deposited  by  composite  sample  of  brine 

from  Searles  Lake,  Cal. 

Na 21. 26 

K 29 

CI 22.25 

SO4 49 

BA 22.51 

CO, 40 

HjO  (by  difference) 32.80 

100.00 

Accordingly  the  18  grams  of  crystals  de- 
posited from  6  liters  (7.763  grams)  of  brine  con- 
tained only  4  grams  of  borate  and  like  quan- 
tities of  both  sodium  and  chlorine.  Therefore 
the  quantity  of  each  of  these  three  constituents 
deposited  represents  only  0.05  per  cent  of  the 
original  solution,  which  is  probably  about  the 
limit  of  error  in  the  analysis  and  does  not  ap- 
preciably affect  the  accuracy  of  the  analysis 
of  the  original  brine. 

The  filtered  brine  which  was  used  in  the 
present  investigation  had  a  straw-yellow  color 
and  a  cloudy  appearance.  The  composition  is 
given  below  along  with  that  of  other  brines 
from  Searles  Lake  for  comparison. 

Composiiion  of  brines  from  Searles  Lake,  Cal. 


K.. 

Na. 
CI.. 
SO4 
CO,- 

bA 


Other  coiiBtituents  (Li,   Me, 
AUG..  FeoO,.  SiO„  Br,  I, 


'•» 


2^S» 


Pd^,  AsjO,,  etc.) 


Total  salts  by  Bummation. 
Specific  gravity 


6.17 

33.66 

36.36 

12.86 

7.72 

3.23 


(?) 


100.00 


{ 


34.04 
1.  2938 
at23**C 


B 


6.34 

33.80 

37.04 

13.00 

7.24 

2.50 


.08 


100.00 


33.91 
1.2974 

at(?) 


6.07 

33.61 

37.10 

12.99 

6.71 

3.01 


.51 


100.00 


6  32.90 


a  This  represents  the  combined  carbooates  and  blcarbonates.  Thft 
amount  of  HCOs  in  the  original  brine  found  by  Ross  was  0.55  per  cent. 

b  Approximate.  The  specific  gravity  of  this  sample  was  not  reported, 
and  the  original  analysis  was  stated  in  grams  per  liter. 

A.  Composite  sample  of  brine  prepared  by  the  writer  as 
described  above  and  used  in  the  present  investigation. 
W.  B.  E[icks,  analyst. 

B.  Average  of  six  analyses  of  brines  from  wells  in 
Searles  Lake.  Walton  Van  Winkle,  analyst.  Gale,  H.  S., 
op.  cit.,  p.  277. 

C.  Analysis  of  brine  from  Searles  Lake.  W.  H.  Ross, 
analyst.    Gale,  H.  S.,  op.  cit.,  p.  277. 

Note.  B  and  C  have  been  recalculated  to  100  per  cent. 
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METHODS. 

METHOD  OF  EXPERIMENTATION. 

In  conducting  the  experiments  1,000  grains 
of  brine  continuously  stirred  in  a  beaker  was 
evaporated  on  the  steam  bath  at  about  78°  C. 
to  approximately  two-thirds  of  its  original  vol- 
imie,  and  the  hot  solution  was  then  separated 
from  the  deposited  crystals  by  filtration  through 
a  paper  filter  supported  by  a  platinum  cone  and 
contained  in  a  funnel  surrounded  by  a  steam  coil 
of  brass  to  maintain  the  temperature  of  the 
steam  bath  during  filtration.  As  much  as  pos- 
sible of  the  adhering  mother  Uquor  was  removed 
by  strong  suction,  and  the  main  bulk  of  the 
crystals  were  transferred  to  a  small  tared  flask 
and  weighed.  The  remainder  of  the  crystals, 
which  adhered  to  the  beaker,  filter  paper,  etc., 
were  washed  into  a  tared  platinum  dish,  evapo- 
rated to  dryness,  and  weighed.  The  combined 
weights  so  obtained  represent  the  amount  of 
salts  deposited  during  the  first  stage  of  the 
evaporation.  The  two  portions  of  the  crys- 
tals were  then  combined  and  thoroughly  mixed. 
The  sample  so  prepared  was  designated  1  A 
and  was  preserved  in  a  paraffin-sealed  flask  for 
analysis. 

The  filtrate,  well  covered  to  prevent  evapo- 
ration, was  placed  in  a  bath  having  a  constant 
temperature  of  30°  C.  (±0.05°)  and  was  stirred 
vigorously  until  the  temperature  of  the  solution 
adjusted  itself  to  that  of  the  thermostat  and  for 
an  hour  or  so  thereafter.  The  deposited  crys- 
tals were  allowed  to  settle  and  were  then  sep- 
arated from  the  solution  by  filtration  through 
paper  at  room  temperature  (approximately 
30°  C.)  and  dried  as  much  as  possible  by  strong 
suction.  The  main  bulk  of  the  crystals  were 
then  transferred  to  a  small  tared  flask  and 
weighed.  Those  adhering  to  the  beaker,  filter 
paper,  etc.,  were  washed  into  a  weighed  platinum 
dish,  evaporated  to  drjmess,  and  weighed.  The 
combined  weights  so  obtained  represent  the 
amoimt  of  salts  deposited  during  cooUng  from 
78°  C.  to  30°  C.  in  the  first  stage  of  the  evap- 
oration. The  two  portions  of  the  crystals  were 
then  combined  and  thoroughly  mixed.  The 
sample  so  prepared  was  designated  1  B  and 
was  preserved  in  a  paraffin-sealed  flask  for 
analysis. 

The  filtrate  obtained  in  the  last  operation 
from  sample  1  B  was  weighed,  and  its  specific 
gravity    was    determined   by    means    of    the 


Westphal  balance.  The  solution  adhering  to 
the  funnel,  specific-gravity  cylinder,  etc.,  was 
washed  into  a  platinum  dish,  evaporated  to 
dryness,  and  weighed.  This  weight  multiplied 
by  3  and  added  to  that  of  the  main  portion  of 
the  solution  gave  the  corrected  weight  of  the 
filtrate.  The  residue  was  dissolved  in  as  Uttle 
water  as  possible  and  added  to  the  main  por- 
tion of  the  solution.  The  combined  solution 
was  returned  to  the  steam  bath  for  further  con- 
centration. 

The  process  just  described— fractional  evap- 
oration with  consequent  removal  of  the  crystals 
deposited  during  evaporation  and  also  those 
separated  during  cooUng — ^was  repeated  at 
intervals  until  only  a  small  portion  of  the  solu- 
tion remained.  This  produced  fourteen  frac- 
tions of  crystals,  representing  seven  stages  in 
the  evaporation.  Each  fraction  was  analyzed, 
as  was  also  the  final  mother  liquor,  according 
to  the  methods  described  below. 

METHODS   OF   ANALYSIS. 

Weighed  samples  of  the  crystals  were  dis- 
solved in  water  and  diluted  to  definite  volume 
(weighed  samples  of  the  brines  were  simply 
diluted  to  definite  volume),  and  aliquots  each 
containing  roughly  0.5  gram  of  sohds  were 
taken  for  analysis.  The  determinations  were 
made  in  dupUcate,  and  practically  all  the 
figures  given  in  the  tables  (pp.  6-7)  are  aver- 
ages of  two  closely  agreeing  results.  Common 
methods  of  analysis  were  usually  employed, 
but  short  cuts  were  taken  wherever  possible, 
and  a  brief  description  of  the  procedure  there- 
fore seems  advisable.  The  sulphate  radicle 
was  precipitated  and  weighed  as  bariimi  sul- 
phate, and  potassium  was  estimated  by  the 
modified  chlorplatinate  method.^  After  the 
sample  had  been  acidified  with  hydrochloric 
acid  and  the  borates  removed  by  repeated 
evaporation  with  methyl  alcohol  and  hydro- 
chloric acid,  sodium  was  determined  by  weigh- 
ing the  combined  bases  as  sulphates  (after 
igniting  to  constant  weight  with  ammonium 
carbonate)  and  subtracting  the  potassium  sul- 
phate. Chlorine  was  determined  by  titration 
with  N/10  silver  nitrate  after  neutralizing  the 
solution  with  nitric  acid,  and  the  borate  radicle 
was  estimated  by  titration  with  N/10  sodium 
hydroxide  in   the  presence    of    mannite  and 

1  Hicks,  W.  B.,  A  rapid  modified  chlorplatinate  method  for  the  esti- 
matlon  of  potassium:  Jour.  Ind.  Eng.  Chem.,  vol.  5,  pp.  66(M)53, 1913. 
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phenolphthalein.  The  carbonate  radicle  was 
determined  by  titrating  with  N/10  hydrochlo- 
ric acid  in  the  presence  of  methyl  orange  and 
subtracting  the  borate  equivalent,  and  there- 
fore  the  results  include  both  carbonates  and 
bicarbonates.  The  latter  were  not  evaluated. 
Other  constituents  that  have  been  reported  in 
traces  or  in  very  small  amount  in  the  brine 
were  disregarded. 

RESULTS. 

SUMMARY  OF  STAGES  IN   THE   EVAPORATION. 

By  conducting  the  experiments  according  to 
the  methods  above  described,  fourteen  fractions 
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FiauBx  1.— Diagram  showing  the  peroentages  of  the  various  constituents  deposited  during  evapo- 
ration ol  brine  firom  Sjearles  Lake,  Cal. 

of  crystals,  representing  seven  stages  in  the 
evaporation,  were  obtained.  A  summary  of 
the  procedure  followed  is  given  below,  together 
with  the  quantity  of  salts  making  up  the 
several  fractions  and  the  weight  and  specific 
gravity  of  the  solution  remaining  after  each 
stage  in  the  evaporation. 

First  stage. — 1,000  grains  of  brine  from  Searles  Lake 
was  evaporated  on  the  steam  bath  at  78°  G.  to  about  two- 
thirds  of  the  original  volume,  and  during  this  process  75.00 
grams  of  salts,  which  were  designated  1  A,  separated  from 
the  hot  solution.    On  cooling  from  78''  to  SO""  0.,  19.11 


grams  additional  were  deposited,  which  were  marked  1  B. 
The  filtrate  that  was  separated  from  the  crystals  had  a 
specific  gravity  of  1.278  at  30°  G.  and  weighed  750  grams. 
Second  stage. — ^The  750  grams  of  solution  remaining  from 
the  first  operation  was  concentrated  on  the  steam  bath  to 
about  two-thirds  of  the  original  volume,  and  28.93  grams 
of  solids  were  deposited.  The  crystals  so  obtained  were 
designated  2  A.  When  the  filtrate  was  cooled  from  78^ 
to  30°  G.,  14.30  grams  of  solids,  marked  2  B,  were  de- 
posited. The  filtrate  remaining  after  the  sepaiation  of 
the  crystals  had  a  specific  gravity  of  1.282  at  30°  G.  and 
weighed  617  grams. 

Third  stage. — ^The  617  grams  of  solution  obtained  in  the 
second  stage  was  concentrated  on  the  steam  bath  at  78°  G. 
to  about  500  cubic  centimeters.  During  this  treatment 
21.52  grams  of  salts,  designated  3  A,  separated  from  the 
hot  solution.    The  solution  was  then  cooled  from  78°  to 

30°  G.,  when  an  additional  deposition 
of  13.56  grams  occurred.  This  lot  was 
designated  3  B.  The  filtrate  that  was 
separated  from  the  crystals  had  a 
specific  gravity  of  1.295  at  30°  G.  and 
weighed  502  grams. 

F(yurih  stage.— The  filtrate  from  the 
third  stage,  amounting  to  502  grams, 
was  evaporated   to  about  two-thirds 
its  volume  on  the  steam  bath  at  78° 
G.,  resulting  in  the  separation  from 
the   hot  solution   of  41.01  grams  of 
salt,  designated  4  A.    When  the  solu- 
tion was  cooled  from  78°  to  30°  C., 
8.88    grams    of    crystals    separated. 
These  were  marked  4  B.    The  filtrate 
remaining  had  a   specific  gravity  of 
1.318  at  30°  G.  and  weighed  351  grams. 
Fifth  stage,— The  351  grams  of  solu- 
tion obtained  as  indicated  above  was 
evaporated  to  about  200  cubic  centi- 
meters on  the  steam  bath  at  78°  G.,and 
during  this  process  28.81  grams  of  crys- 
tals were  deposited  from  the  hot  solu- 
tion. These  were  designated  5  A.  Gool- 
ing  from  78°  to  30°  G.  resulted  in  the 
deposition  of  14.31  grams  of  crystals, 
designated  5  B.    The  solution  that  was 
separatedfrom  the  crystals  had  a  specific 
gravity  of  1.351  and  weighed  230  grams. 
Sizlh  stage. — ^The  filtrate  remaining 
from  the  fifth  operation,  which  amount- 
ed to  230  grams,  was  concentrated  on  the  steam  bath  at  78°  G . 
to  about  100  cubic  centimeters .    The  salts  deposited  during 
the  evaporation  from  the  hot  solution  weighed  24.68  grams 
and  were  designated  6  A.    Those  deposited  during  cool- 
ing from  78°  to  30°  G.  weighed  29.37  grams  and  were  desig- 
nated 6  B.    The  filtrate  had  a  specific  gravity  of  1.386  at 
30°  G.  and  weighed  114  grams. 

Seventh  stage. — ^The  114  grams  of  solution  obtained  as 
described  above  was  evaporated  on  the  steam  bath  at 
78°  G.  to  about  50  cubic  centimeters,  and  the  salts  de- 
posited during  this  operation  from  the  hot  solution 
weighed  19.22  grams  and  were  designated  7  A.  The 
crystals  that  separated  on  the  cooling  of  the  solution  from 
78°  to  30°  G.  weighed  10.41  grams  and  were  marked  7  B. 
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ration,  have  been  plotted  and  are  shown  graph- 
icallj  in  figure  2. 

Nos.  1  to  8  in  the  tables  represent  the 
successive  stages  in  the  evaporation.  The 
letter  A  refers  to  the  crystals  deposited  from 
the  hot  solution  during  the  process  of  evap- 
oration; B  has  reference  to  the  crystals  depos- 


The  solution  that  was  separated  from  the  crystals  had  a 
specific  gravity  of  1.399  at  30^  0.  and  weighed  55  grams. 
This  solution  represents  the  final  filtrate,  indicated  in 
Tahles  1,  2,  and  3  by  the  number  8. 

TABULATION  OF  RESULTS. 

Each  of  the  fractions  of  crystals  obtained  in 
the  experiments  just  detailed  was  analyzed  ^  as 
was  also  the  final  filtrate. 
The  results  are  given  in  Table 
1  and  have  been  used  in  com- 
puting the  hypothetical  com- 
binations given  in  Table  2. 
The  figures  in  Table  2  were 
obtained  by  calculating  all  the 
potassium  to  potassium  chlo- 
ride and  the  borate,  carbonate, 
and  sulphate  radicles  to  the 
corresponding  sodiimi  salts  and 
supplying  enough  sodium  chlo- 
ride to  make  the  results  add 
up  to  100.  Although  this  meth- 
od of  computation  conceals 
the  small  error  of  closure,  it 
was  used  because  of  its  sim- 
plicity. The  percentages  of 
the  several  constituents  depos- 
ited from  solution  as  evapo- 
ration progressed  have  been 
calculated  and  are  set  forth  in 
Table  3  and  shown  graphically 
in  figure  1.  The  composition 
of  the  solution  remaining  after 
each  stage  in  the  evaporation 
has  been  computed  from  the 
quantity  and  composition  of 
the  various  fractions  of  crys- 
tals, the  composition  of  the 
final  filtrate  being  used  as  a 
basis.  The  data  so  obtained, 
together  with  the  composition 
of  the  original  brine  and^that 

of  the  final  mother  liquor,  are     Fioube  2.— Diagram  showing  the  changes  In  the  oompositlon  of  the  solution  resulting  through 
presented  in    Table  4.      These  evapomtlon  of  brine  from  Searles  Lake,  Gal. 

values,  which  give  the  changes  in  the  composi-     ited  as  the  solution  was  cooled  from  78®  to 
tion  of  the  solution  resulting  through  evapo-     30®  C. 
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Table  3. — Percentages  of  the  amstitiLents  deposited  during  fractional  evaporation, 
IThe  flnt  oolunm  for  each  oonstitaent  gives  the  percentage  deposited  at  each  stage;  the  second  column  gives  the  total  percentage.] 


Stage. 


lA 
IB 
2A 
2B 
3A 
3B 
4A 
4B 
5A 
5B 
6A 
6B 
7A 
7B 
8... 


K. 


3.19 

.62 

1.48 

.57 

1.43 

.81 

2.95 

.71 

2.48 

24.85 

3.43 

27.22 

3.71 

11.14 

12.57 


3.19 

3.81 

5.29 

5.86 

7.29 

8.10 

11.05 

11.76 

14.24 

39.09 

42.52 

69.74 

73.45 

84.59 

97.16 


Na. 


21.44 
6.19 
8.59 
4.68 
6.40 
4.20 

11.68 
2.84 
8.61 
1.00 
7.08 
2.14 
4.56 
.79 
5.66 


21.44 
27.63 
36.22 
40.90 
47.30 
51.50 
63.18 
66.02 
74,63 
75.63 
82.71 
84.85 
89.41 
90.20 
95.86 


CI. 


8.23 
8.90 
6.60 
6.65 
8.10 
6.05 

13.22 
4.13 

10.00 
5.01 
8.02 
4.79 
2.57 
1.94 
3.98 


8.23 
17.13 
23.73 
30.38 
38.48 
44.53 
57.75 
61.88 
71.88 
76.89 
84.91 
89.70 
92.27 
94.21 
98.19 


SO4. 


58.50 

.09 
14.47 

.09 
2.97 

.14 
8.68 

.07 
5.52 

.11 
4.38 

.46 
2.26 

.14 
1.55 


58.50 
58.59 
73.06 
73.15 
76.12 
76.26 
84.94 
85.01 
90.53 
90.64 
95.02 
95.48 
97.74 
97.88 
99.43 


CO,. 


29.88 

.15 
8.25 

.15 
2.17 

.27 
6.43 

.19 
3.99 

.68 

5.63 

4.03 

14.97 

1.41 

17.80 


29.88 
30.03 
38.28 
38.43 
40.60 
40.87 
47.30 
47.49 
51.48 
52.16 
57.79 
61.82 
76.79 
78.20 
96.00 


B,0,. 


3.36 

.55 
1.45 

.55 
1.27 

.82 
3.00 

.64 

2.09 

1.27 

3.36 

33.51 

5.28 

12.09 

24,20 


3.36 

3.91 

5.36 

5.91 

7.18 

8.00 

11.00 

11.64 

13.73 

15.00 

18.36 

51.87 

57.15 

69.24 

93.44 


Table  4. — Changes  in  the  composition  of  the  solution  during  frojctional  evaporation. 


Solution 
after 

evapora- 
tion 

(grams). 

Spe- 
cific 

gravity 
at 

30°  C. 

Percentage  composition  of  the  solution  (calculated). 

Potas- 
sium in 
total 
saltA 
(per 

cent). 

Stage. 

K. 

Na. 

CI. 

SO4. 

CO,. 

B4O7. 

Total. 

K/Na 
ratio. 

20°  C. 

Orinnal  BobitirtT^ *^ r 

1,000 
750 
617 
502 
351 
230 
114 
55 

1.292 
1.278 
1.282 
1.295 
1.318 
1.351 
1.386 
1.399 

2.10 
2.69 
3.19 
3.84 
5.26 
5.45 
5.20 
4.80 

11.46 
10.88 
10.66 
10.57 
10.17 
10.50 
11.54 
11.77 

12.37 
13.60 
13.85 
13.46 
13.04 
11.66 
9.39 
8.95 

4.38 
2.39 
1.87 
2.03 
1.81 
1.68 
1.53 
1.23 

2.63 
2.41 
2.55 
3.10 
3.79 
5.22 
8.21 
8.51 

1.10 
1.40 
1.67 
2.00 
2.74 
4.01 
4.29 
4.83 

34.04 
33.37 
33.79 
35.00 
36.81 
38.52 
40.16 
40.09 

6.16 
8.06 
9.44 
10  97 
14.30 
14.15 
12.95 
11.97 

0.18 

1 

.25 

2 

.30 

3 

.36 

4 

.52 

5 

.52 

6 

.45 

70 

.41 

o  Values  determined  by  actual  analysis. 


DISCUSSION. 

Before  discussing  the  results  presented  in  the 
tables,  it  will  be  well  to  recall  the  fact  that 
before  the  fractional  crystallization  began  so- 
diiun  chloride  and  borax  had  been  deposited 
from  the  brine  on  standing  at  22.5®  C.  Al- 
though undetermined  factors  make  deductions 
inconclusive,  the  facts  indicate  that  when 
the  temperature  is  lowered  these  constituents 
must  separate  from  the  solution  in  order  that 
equilibrium  may  be  attained  for  the  new  con- 
ditions. It  might  be  inferred  that  by  lowering 
the  temperature  still  further  larger  amounts  of 
sodium  chloride  and  borax  would  leave  the  so- 
lution. However,  as  the  solubility  of  sodium 
sulphate  decreases  rapidly  when  the  tempera- 
ture is  lowered  below  the  transition  point,  this 
constituent  might  separate  out  in  large  amounts 
at  low  temperature.  In  principle  the  same 
argument  may  be  applied  to  the  potassium 
chloride  and  sodium  carbonate  contained  in  the 


brine.  The  final  equilibriimi  at  any  tempera- 
ture is  dependent  on  the  solid  phases  which 
separate  and  must  therefore  be  determined 
experimentally. 

By  reference  to  the  tables  it  will  be  seen  that 
more  than  58  per  cent  of  all  the  sulphate  orig- 
inally present  in  the  brine  was  deposited  from 
the  hot  solution  in  the  first  fraction  of  crystals, 
which  is  composed  of  nearly  55  per  cent  of 
sodium  sulphate,  large  amounts  of  caibonate 
and  chloride,  and  only  small  amounts  of  borate 
and  salts  of  potassium.  In  the  other  fractions 
of  crystals  that  were  deposited  from  the  hot 
solution  as  evaporation  progressed  the  sulphate 
radicle  is  a  chief  component.  When  the  brine 
had  been  reduced  to  half  its  original  volume, 
more  than  76  per  cent  of  all  the  sidphate  had 
been  deposited,  and  in  the  final  filtrate  less  than 
2  per  cent  of  it  remained.  It  is  significant  that 
only  small  quantities  of  sulphate  were  found  in 
the  several  fractions  of  crystals  deposited  as 
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the  solution  was  cooled  from  78^  to  30^  C.  2.63  per  cent  of  CO,,  and  so  the  deposition 

These  facts  point  to  the  conclusion  that  sodium  represents  67.5  per  cent  of  all  the  carbonate 

sulphate  is  less  soluble  in  the  hot  solution  than  originally  present  in  the  brine, 

it  is  at  30^  C,  a  conclusion  which  is  in  accord  Small  amoimts  of  borate  separated  from  the 

with  experimental  data  on  the  solubility  of  hot  solution  and  also  during  cooling  in  all  the 

sodium  sulphate  in  pure  water.  fractions  of  crystals,  but  at  the  beginning  of 

The  behavior  of  the  carbonate  radicle  was  the  sixth  stage  in  the  evaporation,  when  only 

somewhat  like  that  of  the  sulphate.    A  large  114  grams  of  the  solution  remained,  the  total 

portion  came  down  in  the  first  crop  of  crystals  quantity  of  borate  that  had  been  deposited  was 

and  in  all  the  succeeding  fractions  that  were  only  about  18  per  cent  of  the  amoimt  originally 

deposited  from  the  hot  solution  during  evapora-  present.    More  than  45  per  cent  of  the  borate 

tion  (marked  A  in  the  tables).     However,  a  separated  in  the  two  fractions  6  B  and  7  B  as  the 

considerable  amount  separated  out  during  cool-  solution  was  cooled  from  78^  to  30^  C,  and  more 

ing  from  78^  to  30^  C.  in  fractions  6  B  and  than  24  per  cent  remained  in  the  final  filtrate. 

7  B,  and  nearly  18  per  cent  of  the  total  amount  The  results  show  that  the  borate  became  more 

in   the  original  brine  remained  in   the  final  soluble  in  the  solution  as  the  concentration  of 

filtrate.    The  results  are  somewhat  difficult  to  the  potassiiun  and  carbonate  radicles  increased 

interpret  but  point  out  clearly  that  the  car-  and  that  of  chloride  and  sulphate  decreased, 

bonate  is  at  least  as  soluble  in  the  cold  solution  Although  potassium  separated  in  increasing 

as  in  the  hot  imtil  about  the  fifth  stage  in  the  amounts   in   all   the   succeeding  fractions   of 

evaporation.    Then,  in  the  presence  of  a  greater  crystals  up  to  the  fifth  stage,  only  about  8  per 

concentration  of  potassiimi,  the  carbonate  is  cent  of  that  originally  present  was  lost  from 

much  more  soluble  in  the  hot  solution.  solution  by  reducing  it  to  half  the  original 

At  this  point  it  seems  pertinent  to  call  atten-  volume  and  increasing  the  concentration  of  the 

tion  to  an  experiment  conducted  by  the  writer  potassiimi  to  nearly  4  per  cent.    This  loss  is 

with  the  view  of  showing  the  possibility  of  re-  somewhat  higher  than  that  recorded  in  the 

moving  the  carbonate  from  the  brine  by  the  experiments  with  artificial  potash  brines.^ 

action  of  carbon  dioxide.    This  gas  was  passed  More  than  60  per  cent  of  all  the  potassiiun 

at  the  rate  of  several  bubbles  a  second  through  was  deposited  on  cooling  the  solution  from 

100  grams  of  the  brine  at  room  temperature.  78*^  to  30°  C.  in  fractions  5  B,  6  B,  and  7  B,  and 

No  visible  action  was  apparent  for  some  time.  12.57  per  cent  remained  in  the  final  filtrate. 

Finally  a  precipitate  began  to  form  and  to  Residue  5  B,  representing  24.85  per  cent  of  all 

adhere  to  the  bottom  and  sides  of  the  con-  the  potassimn  in  the  original  bnne,  contained 

tainer.    After  about  six  hours  no  further  action  the  equivalent  of  76.9  per  cent  of  potassium 

was  perceptible  and  the  reaction  appeared  to  chloride,  with  sodium  chloride  as  the  principal 

be  completed.    The  residue,  which  was  filtered  impurity.     Residues  6  B  and  7  B,  representmg 

from   the  solution    through    a  tared  Monroe  more  than  48  per  cent  of  all  the  potassium  in  the 

crucible,  weighed  5.85  grams.     It  was  analyzed  ^^^ne,  contained  57  and  60  percent, respectively, 

with  the  following  results:  ^f  potassium  chloride,  but  m   these  residues 

Analysi8  of  precipitau  produced  through  action  of  cetrbon  carbonates  and  borates  are  the  chief  impurities. 

dioxide  on  brine.  The  data  here  recorded  indicate  that  care- 

^* ^^'V^  fully    controUed    fractional    evaporation   and 

Cl.!!!.!!!!!!!!!!!!.!!!!"..!!!!!.!....!..!.!^     4.28  crystallization,  possibly  combined  with  other 

SO4 65  treatment,  promise  much  as  a  meansof  obtain- 

COt 4. 13  mg  potassium  from  brines  similar  to  that  of 

^^* ^^*  ??  Searles  Lake.    A  wider  range  of  temperature 

HaO'a>y  di'ff»ence)  .*  .'!.'!!.".*.*.*.".'!!!!!!!!!!!!!!!"     9!  57  suggests  itself  at  once,  and  other  possibihties 

are  apparent.    However,  many  points  in  regard 

to  the  behavior  of  the  constituents  of  the  brine 

The  solids  which  separated  through  the  action  xmder  varying  conditions  remain  to  be  studied 

of  carbon  dioxide  on  the  brine  contained  73.6  before  the  problem  can  be  adequately  discussed. 

per  cent  of  sodium  bicarbonate  and  9.57  per      ,„,^„^   „ Z — : — TTTl — ^^  »  ^  ,  ^ 

'^             ^                       ^j^           •    •      1    -L    •                 A    •       J  HJcks,  W.  B.,  Evaporation  of  potash  brines:  U.  8.  Gaol.  Sinray 

cent  of  water.    The  original  brme  contained  prof.  Paper  m,  pp.  65-72, 1915  (Prof.Pap«r«6-E). 


RELATION  OF  THE  WISSAHICKON  MICA  GNEISS  TO  THE  SHENAN- 
DOAH LIMESTONE  AND  OCTORARO  SCHIST  OF  THE  DOE  RUN 
AND  AVONDALE  REGION,  CHESTER  COUNTY,  PENNSYLVANIA. 


By  Eleanora  F.  Bliss  and  Anna  I.  Jonas. 


AREA  DISCUSSED. 

The  region  discussed  in  this  paper  lies  in 
Chester  County,  Pa.,  and  is  included  in  the 
eastern  half  of  the  Coatesville  quadrangle. 
(See  fig.  3.)     It  is  within  the  belt  of  crystal- 


southern  half,  the  Avondale  region  (see  fig.  5, 
p.  17),  has  been  studied  by  Anna  I.  Jonas  in 
order  to  determine  the  relation  of  the  Wissa- 
hickon  mica  gneiss  to  the  Shenandoah  lime- 
stone. 
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FioUBE  3.— Index  map  showixig  location  of  Doe  Run  and  Avondale  region,  Chester  County,  Pa. 


line  schists  and  gneisses  of  the  Piedmont 
Plateau.  The  northern  half  of  the  area,  which 
will  be  called  the  Doe  Run  region,  from  the 
village  of  that  name  (see  fig.  4,  p.  15),  has  been 
surveyed  by  Eleanora  F.  Bliss  in  connection 
with  the  problem  of  the  relation  of  the  "Wissa- 
hickon  mica  gneiss  to  the  Octoraro  schist.    The 


The  field  work  was  done  during  parts  of  the 
summers  of  1906  and  1909  in  connection  with 
a  thesis  problem  at  Bryn  Mawr  College,  under 
the  direction  of  Miss  Florence  Bascom,  pro- 
fessor of  geology  at  Bryn  Mawr,  to  whom 
thanks  are  due  for  criticism  and  assistance  in 
the  preparation  of  the  results  for  publication. 
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DESCRIPTIVE  GEOLOGY. 
GSKSSAL  BSLATIONS. 

All  the  rocks  of  this  region  have  a  like  geo- 
logic history.  The  formations  consist  of  meta- 
morphic  rocks,  ranging  in  age  from  pre-Cam- 
brian  to  Ordovician,  and  all  of  them  are  cut 
by  fresh  diabase  dikes  of  the  Triassic  period. 
The  high  degree  of  metamorphism  shown  by 
the  rocks  of  the  region  is  characteristic  of  the 
formations  of  the  southeastern  part  of  the 
Piedmont  Plateau  as  contrasted  with  those  of 
the  northwestern  part,  where  dynamic  action 
was  less  effective  than  in  the  southeast. 

The  succession  of  formations  in  the  Coates- 
ville  quadrangle  is  as  follows: 

Metamorphic  rocks: 

Ordovician:  Octoraro  schist. 

Cambrian  and  Ordovician:  Shenandoah  Umestone. 

Cambrian:  Chickiee  formation. 

Pre-Cambrian: 

Wifisahickon  mica  gneiss. 

Baltimore  gneiss. 
Igneous  rocks: 

Triassic:  Diabase. 
Pre-Silurian  or  younger: 

Pegmatite. 

Serpentine. 
Early  Cambrian  or  older:  Metagabbro. 

The  Baltimore  gneiss  is  a  part  of  the  pre- 
Cambrian  floor  upon  which  the  Paleozoic  sedi- 
ments were  laid  down.  The  Lower  Cambrian 
represents  coarse  arenaceous  sediments  that 
were  irregularly  deposited  on  this  floor.  After 
the  accumulation  of  these  deposits  the  cal- 
careous materials  of  the  Cambrian  and  Ordo- 
vician periods  were  laid  down  and  subsequently 
covered  by  clays  of  Ordovician  age.  These  sedi- 
ments have  been  altered  in  character,  structure, 
and  extent  by  compression,  folding,  uplift,  and 
erosion.  During  Triassic  time  they  were  partly 
submerged,  and  gravel,  sand,  and  clay  were 
spread  over  the  old  eroded  surface;  these  ma- 
terials, in  turn,  have  suffered  partial  removal 
by  erosion,  which  cut  through  the  Paleozoic 
rocks  to  the  pre-Cambrian  gneiss  of  the  origi- 
nal floor. 

The  accompanying  table  shows  the  correla- 
tion of  these  formations  with  the  rocks  of  New 
England,  eastern  New  York,  Maryland,  Vir- 


ginia, and  the  southern  Appalachian  region. 
The  distribution  of  these  formations  in  the 
Doe  Run  and  Avondale  region  is  shown  on 
Plate  I. 

It  may  be  of  interest  to  note  the  work  of 
earUer  investigators  in  the  Philadelphia  region. 
Conclusions  on  these  formations  published  by 
the  First  and  Second  geological  surveys  of 
Pennsylvania  are  somewhat  similar  to  each 
other. 

H.  D.  Rogers,^  of  the  First  Geological  Survey, 
included  all  the  gneisses  (the  Baltimore  gneiss, 
the  Wissahickon  mica  gneiss,  and  the  granite, 
gabbro,  and  hornblende  gneisses)  in  the  older 
crystalline  gneissic  strata,  which  he  grouped  in 
three  belts  exposed  in  section  on  Schuylkill 
River  from  Grays  Ferry,  in  Philadelphia, 
northward  to  Spring  Mill.  The  first  and 
second  gneiss  belts  include  the  Wissahickon 
mica  gneiss  and  an  intrusive  granite  gneiss;  the 
third  belt  represents  the  Baltimore  gneiss.  He 
called  the  Chickies  formation  "Primal  white 
sandstone,"  which  he  made  equivalent  to  the 
Potsdam  or  Upper  Cambrian  of  New  York;  the 
Shenandoah  limestone  he  called  "Auroral 
magnesian  limestone,"  which  he  correlated 
with  the  Chazy  and  Black  River  limestones  of 
New  York;  the  Octoraro  schist  he  called 
"Primal  upper  slate"  and  placed  over  the 
"Primal  sandstone." 

C.  E.  Hall,*  of  the  Second  Geological  Survey, 
substituted  the  terms  "  Eozoic,"  "Azoic  gneiss," 
and  "Laiu*entian  syenite"  for  the  third  belt 
and  separated  the  first  and  second  belts, 
beginning  at  the  base,  into  "Philadelphia 
schists  and  gneisses"  and  "Chestnut  Hill 
gametiferous  schists."  The  quartzite  he  called 
"Potsdam,  formation  No.  1";  the  Shenandoah 
limestone,  "formation  No.  2,"  described  as 
representing  the  "Calciferous  and  Trenton 
groups" ;  the  Octoraro  schist  is  his  "formation 
No.  3,"  described  as  representing  the  "Hudson 
River  group."  The  Octoraro  schist  is  described 
by  T.  D.  Rand*  tmder  the  term  "hydro-mica 
schist." 

1  Pennsylvania  First  Geol.  Survey  Rept.,  voL  1,  pp.  66-82,  122-183, 
1858. 

•  Pennsylvania  Second  Oeol.  Survey  Rept.,  06,  pp.  1-47,  1881. 

>  Rand,  T.  D.,  Notes  on  the  geology  of  Radnor  Township,  in  Delaware 
County,  Pa.,  and  of  the  townshix>s  adjacent:  Pennsylvania  OeoL  Survey 
Ann.  Rept.,  1886,  pt.  4,  p.  1580, 1887. 
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METAMOBPHIC  BOCKS. 

PRE-CAMBRIAN. 

BALTIMORE  OHEISS. 

Distrihtition. — ^In  the  Doe  Run  and  Avondale 
region  the  Baltimore  gneiss  has  a  wide  distri- 
bution at  the  surface:  it  occurs  in  three  areas, 
one  of  which  extends  into  both  parts  of  the 
r^on.  The  most  northerly  area  is  north  of 
Chester  Valley,  where  gneiss  underlies  the 
northwest  comer  of  the  region  and  extends 
parallel  to  the  strike  from  a  point  about  a  mile 
north  of  Cain  southwestward  to  the  western 
boundary  of  the  area  shown  on  the  map.  The 
second  area,  which  is  somewhat  ellipsoidal  in 
shape  with  its  longest  diameter  extending  in  a 
northeasterly  direction,  Ues  in  the  central  part 
of  the  Doe  Rim  and  Avondale  region.  Its 
northeast  end  is  haU  a  mile  north  of  Upland, 
and  its  southwest  end  is  a  mile  southwest  of 
Chatham.  The  southernmost  area  extends 
south  of  the  towns  of  Avondale  and  West- 
grove  to  the  southern  boundary  of  the  quad- 
rangle. In  this  southern  area  it  has  been 
found  difficult  to  make  a  satisfactory  lithologic 
separation  between  the  Baltimore  gneiss  and 
the  Wissahickon  mica  gneiss  and  it  may  be 
eventually  f oimd  that  some  of  the  rock  mapped 
as  Baltimore  gneiss  may  prove  to  be  Wissa- 
hickon gneiss. 

Field  relations. — ^The  boundaries  of  the 
Baltimore  gneiss  are  formed  by  younger  for- 
mations— the  pre-Cambrian  Wissahickon  mica 
gneiss,  the  Cambrian  Chickies  formation,  or 
the  Shenandoah  limestone.  The  formation  is 
penetrated  by  dikes  of  pegmatite  and  diabase, 
the  latter  intruded  parallel  to  the  strike  of  the 
country  rock.  The  average  strike  of  the 
Baltimore  gneiss  is  N.  60°  E.,  and  the  dip  of  the 
schistosity  30°  SE.  Its  structure  can  be 
observed  in  stream  gorges,  in  road  cuts,  and 
in  the  railroad  cuts  about  Landenberg.  The 
Baltimore  gneiss  produces  a  fertile  soil,  though 
it  is  made  stony  by  the  presence  of  slabs  of  the 
gneiss,  which  are  colored  a  yellowish  brown  by 
iron  oxide.  South  of  Avondale,  owing  to  a 
change  in  the  character  of  the  gneiss,  the  soil 
is  sandy,  dark  colored,  and  full  of  black  biotite. 

Lithologic  character. — ^The  rock  is  a  medium- 
grained  crystalline,  massive  or  banded  gneiss 

30830°— 17 2 


composed  of  quartz,  feldspar,  biotite,  and 
hornblende.  The  relative  amount  of  each 
constituent  varies  widely;  biotite  may  be 
abundant  or  scanty;  hornblende  may  be  pres- 
ent with  the  biotite  or  may  replace  it.  The 
more  or  less  partial  segregation  of  the  leuco- 
cratic  and  melanocratic  constituents  in  alter- 
nating layers  gives  the  rock  the  gneissic  struct- 
ure. In  many  exposures  the  rock  is  entirely 
disintegrated  but  has  the  gneissic  structure  still 
preserved;  the  kaolinized  feldspar  shows  in 
white  bands  defined  by  the  dark  constituents 
of  the  rock. 

The  Baltimore  gneiss  is  composed  of  an 
igneous  and  a  sedimehtary  f  acies  which  it  has 
been  found  impossible  to  separate  in  map- 
ping. The  igneous  facies  occurs  in  the  center 
of  the  Baltimore  gneiss  area  north  of  Coates- 
ville  and  in  a  few  scattered  bowlders  a  mile 
southeast  of  SpringdeU  and  about  a  mile  south 
of  Clonmell.  This  rock  weathers  into  sphe- 
roidal bowlders  and  lacks  the  banding  which  is 
characteristic  of  the  main  mass  of  the  Balti- 
more gneiss  in  this  region.  The  sedimentary 
facies  is  a  light-gray  banded  gneiss  containing 
considerable  quartz  and  a  varying  amount  of 
melanocratic  constituents;  a  micaceous  variety 
occurs  in  which  the  mica  is  abundantly  devel- 
oped along  planes  of  schistosity.  Thin  sections 
of  the  sedimentary  Baltimore  gneiss  show  the 
accessory  minerals  apatite,  zircon,  and  magnet- 
ite in  slightly  rounded  or  waterworn  forms. 
Quartz  in  a  hornstone  structure  emphasized 
by  iron  oxide  stain  forms  a  groundmass  in 
which  are  small  blades  of  brown  biotite  whose 
longer  axes  have  a  generally  parallel  orienta- 
tion. Feldspar  occurs  in  fresh  xenomorphic 
individuals  of  orthoclase,  microcline,  and  oligo- 
clase. 

Analyses. — The  following  analyses  were  made 
on  specimens  of  the  Baltimore  gneiss  out- 
side of  the  Avondale  region — No.  1  represent- 
ing samples  obtained  at  six  localities  in  the 
Philadelphia  region  and  Nos.  2  and  3  the 
Baltimore  gneiss  of  the  Germantown  quad- 
rangle, where  only  the  igneous  facies  is  found. 
The  analyses  with  low  alumina,  lime  greater 
than  magnesia,  and  soda  greater  than  potassa 
indicate  a  rock  of  igneous  character. 
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Analyua  of  Baltimore  gneits. 


1 

2 

3 

SiOj 

70.21 

13.95 

L05 

3.08 

L26 

3.10 

3.27 

2.69 

.48 

.19 

.11 

.52 

Trace. 

.10 

.09 

Trace. 

.11 

.09 

Trace. 

72.99 
10.90 
.55 
2.50 
1.07 
1.88 
3.34 
L20 
L47 

63.93 

ALO, 

12.02 

Fe-O. 

2.40 

Feb'.....:::..:; 

2.95 

MgO 

2.44 

CaO 

4.00 

Na-O 

3.15 

K.6 

.84 

H,0+ 

L30 

jw  1  ........... 

H.O- 

COa 

CL13 
.84 

.51 

Tia 

1.04 

zrOa :::::::: 

PaOji ::::: 

.18 

W 

cf!?:.;:::::::::: 

F 

8 

FeSj  1.  61 

Fe^S.  4. 04 
Trace 

NiO 

MnO 

Trace 

BaO 

CuO  Trace 

SrO 

100.30 

99.66 

98.62 

o  Not  determined. 


^  Not  estimated. 


1.  AnalyBis  by  W.  F.  Hillebrand,  U.  S.  Geological  Sur- 
vey. Baacom,  Florence,  Piedmont  district  of  Pennayl- 
vania:  Geol.  Soc.  America  Bull.,  vol.  16,  p.  295,  1905. 

2  and  3.  Analyses  by  F.  A.  Genth,  jr.,  Pennsylvania 
Second  Geol.  Survey  Rept.  G6,  pp.  116,  105,  1881. 

The  following  norm  is  obtained  by  recalcula- 
tion of  analysis  1 : 

Norm  of  Baltimore  gneiss. 


Corundum 0. 20 

Quartz 30.48 

Orthoclase 16.68 

Albite 27.77 

Anorthite 14.46 

Hypersthene 6. 90 

Apatite 34 


Ilmemte 1.06 

Pyrite 18 

Magnetite 1.62 

HjO 67 


CO, 


.11 


100.47 


The  rock  falls  into  Class  I,  order  4,  rang  3, 
subrang  4 — that  is,  the  salic  constituents  are 
preponderant  over  the  femic,  the  feldspar  is 
dominant  over  the  quartz,  the  potassa^soda 
percentage  exceeds  the  lime,  and  finally,  of  the 
alkalies,  soda  is  only  a  little  in  excess  of  the 
potassa.  The  rock  is  a  biotitic  hornblende 
granoyellowstonose. 

The  analysis  of  the  Baltimore  gneiss  in  its 
massive  facies  shows  a  rock  of  igneous  origin. 
This  rock  is  a  renmant  of  the  ancient  central 
portion  of  the  formation,  which  is  foimd  in  the 
Baltimore  gneiss  of  the  area  north  of  Coates- 
ville.  The  Baltimore  gneiss  northwest  of  Lon- 
don Grove  is  thought  to  be  of  sedimentary 
origin,  although  derived  from  igneous  material 
with  little  reworking.    In  pre-Cambrian  time, 


by  secular  disintegration,  such  as  takes  place 
readily  in  a  moist  cUmate  and  in  a  coimtry  of 
slight  topographic  diversity,  a  soil  was  formed 
over  the  old  igneous  Baltimore  gneiss  land 
mass.  By  transgression  of  the  sea  the  soil  and 
imderlying  disintegrated  rock  were  removed,  re- 
worked, and  subsequently  covered  by  other  de- 
posits. The  rock  formed  by  the  consolidation 
and  recrystallization  of  this  material  resembles 
the  original  rock  in  its  constituents  but  possesses 
sedimentary  rather  than  igneous  characteris- 
tics. Folding  has  united  the  original  and  de- 
rived rocks  into  a  complex  that  is  difficult  to 
separate  into  well-defined  areas  of  igneous  and 
sedimentary  rocks.  A  formation  similarly  de- 
veloped among  the  pre-Cambrian  gneisses  of 
Hoosac  Moimtain  has  been  described  by  Pum- 
pelly.* 

Thickness. — ^As  the  Baltimore  gneiss  repre- 
sents the  remnant  of  the  pre-Cambrian  gneiss 
floor  upon  which  sediments  of  later  age  were 
laid  down,  its  thickness  can  not  be  estimated. 

Age  and  correlation, — Stratigraphic  relations 
determine  the  pre-Cambrian  age  of  the  Balti- 
more gneiss;  the  formation  is  overlain  by 
Cambrian  sediments,  from  which  it  is  every- 
where separated  by  an  unconformity. 

The  gneiss  has  been  called  Baltimore  because 
of  its  correlation  with  gneiss  exposed  at  Balti- 
more, Md.,  and  has  been  recognized  as  the 
partial  equivalent  of  the  Fordham  gneiss  of 
New  York,  the  Stamford  granite  gneiss  of  New 
England,  and  the  Carolina  gneiss  of  the  South. 

WX8SAHI0K0K  XIOA  OHSISS. 

Distribution. — The  Wissahickon  mica  gneiss 
covers  the  western  and  central  portions  of  the 
Doe  Rxm  and  Avondale  region.  Its  northern 
boimdary  is  the  contact  with  the  Octoraro 
schist,  a  line  which  runs  northeastward  from 
Timicula  in  a  direction  roughly  parallel  to  the 
trend  of  the  South  Valley  Hills.  In  the  central 
and  eastern  parts  of  the  Doe  Rim  area  of  the 
formation  it  surroimds  several  bodies  of  lime- 
stone and  quartzite,  and  north  of  Upland  it 
occurs  in  two  lenses  bounded  by  limestone  and 
quartzite.  From  the  northwestern  part  of  the 
Avondale  district,  west  of  the  Baltimore  gneiss 
and  the  Paleozoic  formations,  the  Wissahickon  is 
exposed  continuously  southward  to  the  south- 
em  boimdary  of  the  Coatesville  quadrangle. 

1  Pumpelly,  Raphael,  The  relation  of  secular  rock  disintegration  to 
certain  transitional  crystalline  schists:  Qeol.  Soc.  America  Bull.,  vol  2, 
pp.  709-2U,  1891. 
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FUld  relations. — ^The  usual  strike  of  the  mica 
gneiss  lies  between  N.  60^  E.  and  N,  75°  E. 
The  isoclinal  dip  of  the  cleavage  and  of  the 
bedding  is  usually  southeast^  the  prevailing  dip 
of  the  rocks  of  the  eastern  Piedmont,  and  the 
average  angle  of  dip  is  35*^.  Stratification  is  a 
pronounoed  feature  of  the  formation,  and  the 
strata  are  usually  crumpled.  In  addition  to 
cleavage  planes  transverse  to  the  fine  crumpling 
of  the  strata,  the  mica  gneiss  has  four  systems 
of  joint  planes,  parallel  to  which  the  rock  breaks 
readily;  thus  it  never  weathers  into  bowlders 
but  into  angular  fragments,  producing  a  loamy 
clay  soil  full  of  rock  fragments,  of  mica,  and,  in 
many  localities,  of  garnets.  From  Jennersville 
southward  through  Kelton  to  the  border  of  the 
quadrangle  and  eastward  to  Wickerton  the  soil 
is  red,  sandy,  and  sparkling  with  muscovite. 

Although  the  Wissahickon  gneiss  crops  out 
in  many  places,  it  weathers  so  readily  as  to 
afford  few  fresh  exposures.  It  is  generally  ex- 
posed along  stream  beds,  in  road  cuts,  or  in 
weathered  cliffs  projecting  from  hillsides  that 
are  covered  by  a  mantle  of  heavy  soil.  It 
breaks  readily  into  splintery  fragments,  which 
have  been  compared  in  appearance  to  half- 
rotted  wood. 

LUkologic  character, — ^The  Wissahickon  mica 
gneiss  is  a  sUvery-gray  to  greenish  medium  to 
coarse  grained  schistose  rock  characterized  by 
abundant  muscovite  and  a  varying  amount  of 
quartz  and  feldspar.  Muscovite  is  developed 
either  in  minute  crystals  or  in  large  glistening 
crystals  which  give  the  rock  a  spangled  appear- 
ance. Garnets  are  a  common  constituent,  and 
tourmaline  is  abimdant. 

The  mica  gneiss  is  intruded  by  dikes  of  meta- 
gabbro  and  pegmatite  and,  m  some  locaHties, 
is  so  thoroughly  injected  by  these  intrusives 
as  to  lose  its  peculiar  characteristics.  Where 
free  from  such  injections  the  Wissahickon  mica 
gneiss  has  the  appearance  of  a  metamorphosed 
sediment.  A  change  in  mineral  constitution 
exists  parallel  to  and  is  a  means  of  recognizing 
the  primary  structure  or  bedding;  where  the 
bedding  planes  are  finely  plicated  conspicuous 
unplicated  transverse  cleavage  planes  render 
the  rock  schistose  and  obscure  the  primary 
structure. 

By  microscopic  study  the  feldspar  is  foimd 
to  be  orthoclase  and  andesine.  The  rock  fails 
to  show  the  sequence  of  crystallization  of  con- 


stituents which  is  peculiar  to  igneous  rocks, 
and  the  accessory  minerals,  apatite  and  zircon, 
are  present  in  rounded  grains — ^both  facts  that 
point  to  a  sedimentary  origin  for  the  rock. 
The  absence  of  pressure  effects  in  the  quartz 
and  feldspar  also  indicates  that  the  rock  is  a 
recrystallized  sediment. 

This  typical  gneissic  facies  weathers  to  a 
greenish-brown  rock  in  which  the  micaceous 
character  is  very  conspicuous.  It  disintegrates 
readily,  forming  an  argillaceous  sandy  soil  that 
glistens  with  mica  and  is  speckled  with  garnets. 
With  local  variations  this  gneiss,  which  is  well 
exposed  near  Springdell  in  a  road  cut,  is  gen- 
erally characteristic  of  the  southern  half  of  the 
main  Wissahickon  area. 

Farther  north,  toward  the  schist  boundary, 
the  mica  gneiss  changes  considerably  in  char- 
acter. The  fresh  rock  is  fine  grained,  with 
bedding  planes  so  thin  that  the  rock  assumes  a 
schistose  appearance,  and  the  mica  occurs  in 
very  fine  crystals,  evenly  disseminated  through-  • 
out  the  rock  to  such  an  extent  as  to  obscure 
the  other  constituents.  It  weathers  to  a  glis- 
tening green  rock  of  schistose  character,  in 
which  only  the  mica  is  visible  on  bedding 
planes,  but  on  planes  normal  to  the  bedding 
the  quartz  and  feldspar  can  be  seen  in  very 
fine  bands  or  in  lenses  wrapped  about  by  the 
micaceous  layers.  Garnets  are  present  in  some 
of  the  rock.  The  weathered  facies  resembles 
the  Octoraro  schist,  and  where  the  two  are 
adjacent  they  are  difficult  of  separation.  It 
differs  from  the  schist,  however,  both  in  the 
presence  of  a  characteristic  crumpled  bedding 
and  also  in  the  mode  of  occurrence,  for  it  crops 
out  along  the  roads  and  stream  banks  as  high 
cliffs  or  strews  the  surface  of  the  country  in 
large  slabs  broken  parallel  to  joint  planes  and 
contrasting  with  the  small  silvery  fragments  of 
the  schist.  A  green  slaty  variety  found  at  the 
northern  boundary  of  the  Wissahickon  gneiss 
differs  from  the  typical  rock  in  its  fine  grain, 
extremely  quartzose  character,  scanty  feldspar^ 
and  abundant  chlorite. 

Analyses. — ^The  best  analysis  obtainable  of 
the  mica  gneiss  was  made  by  W.  F.  Hille- 
brand,  of  the  United  States  Geological  Sur- 
vey, from  four  samples  obtained  at  different 
locaUties  in  the  Philadelphia  region.^    It  is 

1  Basoom,  Florenoe,  Piedmont  district  of  PenDsylvania:  OeoL  Soo. 
America  Ball.,  vol.  Id,  p.  403, 1905. 
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given  in  column  1  of  the  subjoined  table. 
Analysis  2  was  made  by  F.  A.  Graith,  jr.,  from 
a  specimen  taken  along  Neshaminy  Creek.^ 

Analyses  of  Wissahkton  mica  gneiss. 


SiO,.. 

FeO.. 
MgO.. 
CaO.. 
Ka.0. 

H,0+ 
H,0- 
TiO,.. 

P,Os.. 
S 

CrO,.. 

MnO.. 

BaO.. 

8rO... 


66ul3 

56.40 

15.11 

19.76 

2.52 

4.35 

3.19 

4.40 

2.42 

3.11 

L87 

.09 

2.71 

6.82 

2.86 

L27 

L55 

3.37 

.24 

.82 

L05 

.22 

.37 

.03 

None. 

Trace. 

.20 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

99.87 

99.  99 

Origin, — ^The  Wissahickon  mica  gneiss  is  con- 
sidered to  be  a  sedimentary  rock  whose  origin 
has  been  obscured  by  extreme  metamorphism. 
The  rock  has  an  original  stratification,  more 
or  less  perfectly  preserved,  which  is  more  ap- 
parent where  the  cleavage,  usually  parallel,  is 
discordant  to  the  bedding.  Other  proofs  of 
its  sedimentary  origin  brought  out  by  micro- 
scopic study  have  been  mentioned. 

That  the  Wissahickon  mica  gneiss  has  been 
derived  from  an  arkosic  argillite  is  to  be  in- 
ferred from  its  chemical  composition.  In  the 
belt  of  weathering  the  underground  and  super- 
ficial waters  carry  materials  in  solution  and 
suspension,  and  the  materials  that  are  easUy 
soluble  are  not  likely  to  be  present  in  mechan- 
ical sediments,  which  represent  the  residual 
materials  after  solution  has  done  its  work  more 
or  less  thoroughly  and  which  therefore  consist 
of  members  of  the  kaolin  group,  and  serpentine- 
talc  group,  of  quartz,  aluminum  oxide  min- 
erals, and  acidic  feldspars.  An  argiUite,  there- 
fore, would  be  deficient  in  the  alkalies  and 
alkaline  earths  and  more  deficient  in  sodium 
and  calcium  than  in  potassium  and  magnesium, 
the  percentage  of  alumina  would  be  large,  and 
after  metamorphism  the  rock  would  retain  its 
original  chemical  composition. 

iPflODsylTBiiia  Secood  G«oL  Survey  Rept  C€,  p.  100, 1881. 


The  analyses  of  the  mica  gneiss  show  such 
characters  as  have  been  described — alumina  is 
high,  magnesia  is  greater  than  lime,  and  potassa 
is  greater  than  soda.  This  arkosic  mud,  by 
crystallization  and  metasomatism,  has  been 
metamorphosed  into  a  mica  gneiss.  The  felds- 
pathic  material  has  produced  feldspar;  the 
ferromagnesian  material,  muscovite;  the  sand 
has  furnished  the  quartz,  and  a  gneiss  is  the 
result. 

Its  more  gneissic  facies  is  due  to  injection  of 
material  parallel  to  the  bedding.  Pressure  has 
caused  reorientation  of  the  old  minerals  with 
their  longest  axes  in  a  plane  normal  to  the 
pressure  and  the  production  of  the  new  miner- 
als with  similar  orientation.  The  muscovite, 
because  of  its  perfect  basal  cleavage,  is  the 
mineral  to  which  is  due  mainly  the  production 
of  rock  cleavage  and  fissility. 

Thichness, — ^The  thickness  of  the  Wissa- 
hickon mica  gneiss  can  not  be  exactly  de- 
termined. Its  isoclinal  dip  with  repeated 
folding  gives  the  impression  of  great  thickness, 
but  the  actual  thickness  is  difficult  to  estimate 
because  the  formation  is  an  ancient  pre- 
Cambrian  gneiss  bounded  above  by  an  uncon- 
formity. Its  estimated  thickness  has  been 
placed  between  1,000  and  2,000  feet. 

Age  and  correkttion. — ^In  the  absence  of  fossil 
content  the  determination  of  the  age  of  the 
Wissahickon  gneiss  must  depend  upon  the 
stratigraphic  relations,  which  have  been  much 
obscured  in  the  eastern  Piedmont  region;  these 
relations,  which  are  discussed  at  length  else- 
where (pp.  31-34),  point  to  a  pre^ambrian  age 
for  the  Wissahickon  gneiss  of  the  Doe  Run  and 
Avondale  region.  The  Wissahickon  mica  gneiss 
is  correlated  with  portions  of  the  Carolina 
gneiss. 

Name. — The  name  Wissahickon  was  given  to 
this  formation  on  account  of  its  fine  exposures 
along  the  banks  of  Wissahickon  Creek,  near 
Philadelphia. 

CAMBRIAN. 
CKICKIB8  FOBMATIOV. 

Distribution. — ^The  Chickies  formation,  of 
which  quartzite  is  the  most  conspicuous  mem- 
ber, associated  with  gneissic  and  schistose 
bands,  forms  the  steep  ridge  of  the  North 
Valley    Hills,    extending    across    the    north- 
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western  part  of  the  Doe  Run  district  (fig.  4)  in 
a  straight  band  of  ahnost  uniform  width, 
whose  general  direction  is  parallel  to  the  trend 
of  Chester  Valley.     On  the  south  the  quartzite 


gneiss    is    brought    to    the    surface    north    of 
Coatesville, 

In  the  neighborhood  of  Doe  Run  the  quartz- 
ite  comes  to  the  surface  as  a  band  of  varying 


(Tffrtfoua  in  part) 


IGM£0U5  ROCKS 

'Meiagab'bro 


FroUBS  <.— Oeologio  map  olDoe  Run  vttller.Chwter  County,  P». 


passes  conformably  »uider  the  Shenandoah 
limestone  of  Chester  Valley;  on  the  north  it 
overlies  the  Baltimore  gneiss.  The  limestone 
and  the  quartzite  together  form  the  southern 
limb  of  an  anticlrae  whose  core  of  pre-Cambrian 


thickness  which  overlies  the  northeastern, 
northern,  western,  and  southern  flanks  of  the 
Baltimore  gneiss. 

North  of  Avondale  and  Toughkenamon  an- 
other area  of  the  Chickies  formation  is  hounded 
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by  limestone.  The  formation  also  forms  a 
ridge  north  of  Westgrove. 

Field  reldHons. — ^The  hardness  and  chemical 
stability  of  the  Chickies  formation  make  its 
outcrop  a  prominent  topographic  feature. 
The  rock  is  well  exposed  in  several  quarries  in 
the  North  Valley  Hills;  on  the  road  going 
southwest  from  London  Grove,  where  two 
quarries  are  cut  in  the  northern  face  of  the 
hill;  and  in  the  quarries  of  the  hill  north  of 
the  State  road  from  Avondale  to  Toughkena- 
mon.  The  general  strike  of  the  formation  is 
N.  60°  E.  and  the  dips  are  in  all  observed  ex- 
posures to  the  southeast  with  an  average  incli- 
nation of  20®.  At  the  contacts  of  quartzite 
and  limestone  the  limestone  appears  to  under- 
lie the  quartzite,  a  relation  which  is  the  result 
of  overturned  folding. 

Lithologic  chardcter. — ^The  Chickies  formation 
is  composed  of  quartzite,  mica  schist,  and 
mica  gneiss.  The  quartzite  is  a  cream-white 
to  gray  fine-grained  crystalline  thin-bedded 
rock.  Sericite  is  developed  parallel  to  the 
bedding  planes  and  causes  the  rock  to  sp]it 
easily  into  flat  slabs.  The  mica  gneiss  member 
of  the  formation  is  a  gray  fine-grained  crystal- 
line, slightly  banded  gneiss,  whose  constituents 
are  quartz,  biotite,  and  muscovite  abundantly 
present  and  feldspar  sparingly  so. 

With  an  increase  in  the  amount  of  mica  the 
rock  becomes  a  mica  schist,  a  pinkish  or  grayish- 
green  rock  in  which  small  sparkling  plates  of 
mica  produce  a  frosted  effect.  This  Cambrian 
mica  schist  resembles  the  Wissahickon  mica 
gneiss,  but  the  mica  in  the  schist  is  usually 
present  in  smaller  flakes  than  it  is  in  the  gneiss, 
and  the  Cambrian  rock,  in  distinction  from  the 
Wissahickon,  has  straight  bedding  planes. 
The  two  rocks  are  further  distinguished  by 
structural  relations  and  by  a  characteristic 
aspect  that  is  difficult  to  define.  '* Stretched'' 
tourmaline — that  is,  broken  and  linearly  dis- 
placed tourmaline — is  foimd  in  all  three  mem- 
bers of  the  Chickies  formation. 

The  quartzite  of  the  North  Valley  Hills  is  a 
pure  hard  white  compact  fine-grained,  heavily 
bedded  rock,  with  abundant  small  flakes  of 
glistening  sericite  developed  along  the  bed- 
ding planes.  In  the  neighborhood  of  Doe  Run 
the  Cambrian  formation  is  represented  by 
the  quartzose  and  schistose  members.  Near 
Springdell  it  is  represented  by  the  mica  gneiss. 


All  these  f acies  occur  in  the  Chickies  formation 
as  exposed  on  the  western  and  southern  flanks 
of  the  Baltimore  gneiss  anticline.  The  Chick- 
ies northeast  of  Avondale  and  Westgrove  is  the 
mica  gneiss  facies,  in  which  abundant  mica  is 
disseminated  throughout  the  rock. 

Microscopic  study  shows  that  the  feldspar 
is  largely  microcline,  but  orthoclase,  andesine, 
and  bytownite  are  also  present.  Magnetite, 
zircon,  pyrite,  titanite,  perofskite,  and  tour- 
maline are  accessory  constituents. 

Aihalysis. — The  analysis  of  a  specimen  of 
quartzite  from  the  ridge  south  of  Langhome, 
Pa.,  is  given  below.*  It  shows  high  silica  con- 
tent and  sufficient  alumina  and  potassa  to  form 
muscovite  and  feldspar. 

Analysis  of  quartzite  of  Chickies  formation. 


SiOa 87.87 

AljO, 6.61 

FejO, 2.39 

MgO Trace. 

CaO 24 

Na,0 19 

KaQ 1.73 


Ignition 1.20 

TiOj 38 

PjOj 06 

MnO 13 


100.80 


Thickness. — The  close  isoclinal  character  of 
the  folding  makes  the  determination  of  the 
thickness  of  this  formation  difficult.  Its  esti- 
mated  thickness  in  Chester  Valley  is  1,300  feet,' 
but  in  the  Doe  Run  district  a  thickness  of  1,500 
feet  seems  probable.  The  section  exposed  on  the 
Doe  Run  road  represents  a  deposit  of  about  1,000 
feet.  (See  PI.  II,  B.)  Withm  the  Avondale 
area  (fig.  5)  the  thickness  of  the  Chickies  forma- 
tion varies  from  700  to  800  feet.  The  variabil- 
ity in  thickness  of  the  formation  in  the  region 
south  of  Chester  Valley  is  presumably  due  to 
original  irregularity  of  deposition  in  the  estu- 
aries of  the  Cambrian  sea. 

Age  and  correlation. — ^The  quartzite  of  the 
North  Valley  Hills  forms  a  continuous  band 
which  extends  from  the  western  edge  of  Bucks 
County  to  the  vicinity  of  Gap,  in  Lancaster 
County.  Borings  of  Scolithus  linearis  have 
been  foxmd  at  several  places  in  the  quartzite 
of  the  North  Valley  Hills,  which  is  in  direct 
stratigraphio  continuity  with  the  quartzite 
near   Coatesville.     In    1896    Walcott'    deter- 

1  Pennsylvania  Rept.  Second  Geol.  Survey  C6,  p.  117, 1S81.    Analy- 
sis by  F.  A.  Genth,  Jr. 

>  Bascom,  Florence,  U.  8.  Ged.  Survey  Oeol.  Atlas,  Philadelphia  folio 
(Na  162),  p.  4. 1900. 

>  Walcott,  C.  D.,  The  Cambrian  rocks  of  Pennsylvania:  U.  8.  GeoL 
Survey  Bull.  134,  p.  17, 1896. 
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mined  the  position  of  the  Scolithus-bearing 
quartzite  as  underlying  shales  and  calcareous 
sandstone  which  contain  fragments  of  Olenellus. 
This  determination  establishes  the  age  of  the 
ScoUihus-bearing  rock  as  Lower  Cambrian. 
The  rock  south  of  the  North  Valley  Hills  does 


Name. — The  name  duckies  (formerly  spelled 
Chikis)  was  first  used  to  describe  the  rock  ex- 
posed on  Susquehanna  River  near  Columbia, 
Lancaster  Comity.  Later  the  spelling  was  de- 
termined as  Chickies  by  the  United  States 
Geographic  Board. 


METAMORPHIt  SEDIMEN 


IGNEOUS  ROCKS 


CAMSRIAM  AND 


PRC-CAMBRia 


EARLY  CAMBRIAt* 


,^  ^  ^ 


Bheuandoalx  ChickicB       V     ^^ssahickoii     Baltimore  iaeat      Fe^uoUte  Metagubbro 

limestone  formation     ^     mica  gneiss       (\^neovam^Mi-t)  " 


B 


FUKTU  S.— GMlojlii  map  of  ATondale  Valler,  Ctiesl»r  Cnintr,  Pa. 


not  contain  ScoZi/Au8  Zi/wam,  but  from  its 
lithologic  character  and  structural  relations 
may  be  correlated  with  the  Chickies  quartzite 
of  the  North  Valley  Hills.  The  formation  has 
been  correlated  with  the  Cheshire  ("Pough- 
quag")  quartzite  of  New  York,  the  Hardys- 
ton  quartzite  of  New  Jersey,  and  the  Setters 
quartzite  of  Maryland. 


CAMBRIAN    AND   ORDOTICIAN. 


Distribution  and  field  relations. — In  the 
northern  part  of  the  Doe  Run  district  (see 
PI.  I,  p.  10)  the  outcrop  of  Shenandoah  lime- 
stone corresponds  perfectly  to  the  floor  of 
Chester  Valley,  forming  a  narrow  belt,  which 
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varies  in  width  from  one-fourtli  to  three- 
fourths  of  a  mile.  On  the  north  side  of  the 
valley  the  limestone  overlies  the  quartzite, 
which  is  exposed  on  the  southern  limb  of  an 
anticline.  Toward  the  south  the  limestone 
passes  conformably  under  the  Octoraro  schist 
of  the  South  Valley  Hills. 

In  the  central  and  southern  parts  of  the 
Doe  Run  district  limestone  occurs  in  four  dis- 
tinct areas  of  irregular  conformation.  The 
largest  area  extends  from  Buck  Run  almost 
due  south  to  Doe  Run  viUage,  where  the  out- 
crop is  pierced  by  an  anticlinal  hill  of  resistant 
quartzite.  From  Doe  R\m  southwest  to  Green 
Lawn  there  is  a  continuous  outcrop  of  lime- 
stone, and  from  Springdell  directly  south 
limestone  joining  the  western  flank  of  the 
quartzite  occurs  in  a  long  valley  that  extends 
to  the  southern  edge  of  the  Doe  Run  district. 

On  the  northern  and  northeastern  boundary 
of  the  quartzite  the  limestone  occurs  in  two 
small  but  distinct  outcrops  at  Guest's  and 
Logan's  quarries.  (See  PI.  II,  A.)  The  fourth 
occurrence  is  a  narrow  and  irregular  outcrop 
along  a  tributary  of  Brandywine  Creek,  about 
2  miles  northeast  of  Logan's  quarry  and  1 
mile  north  of  Upland. 

Except  where  it  borders  the  quartzite  the 
limestone  of  these  areas  is  surrounded  by  the 
Wissahickon  mica  gneiss,  thereby  producing  a 
radial  and  finger-like  arrangement  of  the  sur- 
face outcrops  which  is  particularly  striking. 
(See  fig.  4.) 

In  the  Avondale  district  (see  fig.  5)  the 
limestone  occupies  the  valley  of  White  Clay 
Creek  about  Avondale  and  to  the  north,  and 
the  valley  of  West  Branch  of  White  Clay  Creek 
and  its  tributaries  near  Landenberg.  The 
areas  are  not  more  than  half  a  mile  wide  and 
are  very  irregular.  The  northern  area  ex- 
tends southwestward  for  about  5  miles  from 
the  center  of  the  eastern  border  of  the  Coates- 
ville  quadrangle;  then  it  turns  south  and 
curves  about  a  hiU  of  mica  gneiss  which  lies 
north  of  Westgrove;  from  that  point  it  ex- 
tends southward  through  Baker  and  south- 
eastward to  Avondale,  where  it  connects  with 
two  belts  of  the  formation — one  from  the  east 
along  Trout  Rim  and  the  other  from  the  north. 
(See  fig.  5.)  About  a  mile  south  of  Landen- 
berg there  is  a  small  area  of  limestone  extend- 
ing   southwestward    along    Broad    Run    and 


across  White  Clay  Creek  almost  to  Wpst 
Branch.  It  is  not  more  than  a  mile  wide  any- 
where and  does  not  appear  at  the  surface  ex- 
cept at  Kevin's  quarries. 

As  there  are  no  natural  outcrops  of  the  lime- 
stone, its  extent  is  best  determined  by  the  soil 
it  makes — a  red  clay  such  as  is  formed  by  the 
weathering  of  a  magnesian  lime  rock.  It  is 
exposed  for  the  most  part  in  abandoned  quar- 
ries which  are  partly  filled  with  water;  the 
rock  forming  the  walls  may  be  fresh  or  partly 
disintegrated  into  calcareous  sand  or  almost 
entirely  covered  by  a  talus  of  soil.  In  the 
region  of  Baker  and  Avondale  there  are  large 
quarries  which  are  now  being  operated  in  this 
rock  and  which  furnish  valuable  marble  and 
building  stone. 

The  strike  of  the  formation  ranges  between 
N.  60°  E.  and  N.  70''  E.  The  direction  of  dip  is 
generally  southeast,  the  only  prominent  ex- 
ception being  a  northwest  dip  found  in  a  small 
quarry  just  north  of  Westgrove.  The  angle  of 
dip  is  low,  varying  from  20®  to  25*'. 

Lithologic  chamcier. — ^Three  varieties  of  the 
Shenandoah  limestone  are  recognizable  in  the 
Doe  Rim  and  Avondale  region.  One  occurs  in 
C!hester  Valley,  where  the  fresh  rock  is  a  mas- 
sive, highly  crystalline  blue  magnesian  lime- 
stone, which  breaks  readily  along  three  joint 
planes.  Few  accessory  minerals  are  foimd  in 
this  massive  variety.  The  upper  member  of 
the  formation  in  this  area  is  a  highly  mica^ 
ceous  and  thinly  bedded  schistose  rock,  in 
which  quartz  and  mica  are  so  abimdant  that 
the  rock  may  be  called  a  calcareous  schist. 
This  member  grades  into  the  overlying  Octo- 
raro schist. 

The  third  variety  occurs  in  the  central  belt 
of  limestone,  where  it  is  well  exposed  in  Guest's 
and  Logan's  quarries,  and  in  the  limestone  of 
the  Avondale  district.  Where  pure  the  fresh 
rock  is  a  medium-grained,  highly  crystalline 
lustrous  white  saccharoidal  marble,  character- 
ized by  the  abundant  development  of  various 
accessory  minerals.  Phlogopite,  in  glistening 
amber-brown  scales,  is  in  some  places  so  plenti- 
ful that,  on  planes  parallel  to  the  bedding,  the 
rock  may  appear  to  be  composed  almost  en- 
tirely of  mica.  Where  the  phlogopite  occurs  in 
smaller  flakes  it  gives  the  rock  a  variegated 
appearance,  which  has  won  for  it  the  name 
"bastard  granite."     Biotite,  muscovite,  tour- 
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maline  in  large  black  crystals,  magnetite, 
apatite,  and  pyrite  are  common  accessory 
minerals. 

Evidences  of  pressure  seen  in  the  thin  sec- 
tion are  twinning  of  the  calcite  crystals,  granu- 
lation, and  imdulatory  extinction  of  the  quartz, 
which  occurs  in  interlocking  areas  forming  a 
mosaic  with  the  calcite.  The  dolomite  of 
Chester  Valley  is  finer  grained  than  the  lime- 
stone of  the  southern  area,  which  in  Guest's 
quarry  is  almost  pure  calcite. 

Analyses. — Some  analyses  of  the  Umestone 
are  given  below: 

Analyses  of  Shenandoah  limestone. 


CaCOj.... 

»•■•••. 

FeA 

AL,0, 

MgO 

CaO 

H2O 

CO2 

S 

P 

Alkalies. . 
Insoluble. 


54.750 
44.204 


} 


.517 


.011 
.010 


.436 


99.  928 


{ 


40.27 

31.24 

24.23 

1.06 

1.12 

.11 

.55 


54.071 
43.  309 


1.42 


} 


.621 


57. 125 

12.  498 

1.235 

3.770 


,013 
.003 


1.950 


100.00 


99.  959 


} 


25. 372 


100.000 


1.  Haldeman  South  quarry,  near  Chickies.  Best  blue 
limestone,  fine  grained,  hard.  Analyst,  A.  S.  McCreath, 
Pennsylvania  Second  Geol.  Survey  Rept.  CC,  page  271, 
1874. 

2.  West  Conshohocken,  Montgomery  County,  Pa.  Ana- 
lyst, F.  A.  Genth,  jr.,  Pennsylvania  Second  Geol.  Survey 
Rept.  C6,  page  126,  1881. 

3.  Benjamin  Swayne  quarry,  2  miles  north  of  Avondale. 
Analyst,  F.  A.  Geuth,  jr.,  idem,  page  127. 

4.  Pennsylvania  Marble  &  Granite  Co.'s  quarry,  Baker. 
Analysts,  Booth,  Garrett  &  Blair,  Philadelphia. 

Thickness. — In  the  Avondale  district  the 
thickness  of  the  limestone,  which  does  not  ex- 
ceed 1,000  feet,  represents  only  part  of  the 
original  thickness;  the  remainder  has  been  re- 
moved by  erosion.  In  Chester  Valley  the  for- 
mation is  probably  not  over  1,500  feet  thick. 

Age  and  correlation. — In  the  central  p^rt  of 
the  region,  at  Guest's  quarry,  and  in  the  north- 
em  part,  in  Chester  Valley,  the  limestone  con- 
formably overlies  the  Chickies  formation.  On 
account  of  the  highly  metamorphosed  charac- 
ter of  the  rock,  fossils  are  rare  in  the  Shenan- 
doah limestone  and  none  have  been  foimd  in 


the  Doe  Run  and  Avondale  region,  but  at 
Henderson  station,  Montgomery  County,  Pa., 
fossils  of  Ordovician  age  have  been  found  in 
the  limestone  of  Chester  Valley.* 

That  the  limestone  of  the  Doe  Kun  and 
Avondale  region  is  to  be  correlated  with  the 
Cambrian  and  Ordovician  Shenandoah  lime- 
stone of  Montgomery  and  Delaware  counties  is 
proved  by  the  stratigraphic  continuity  of  the 
Umestone  in  Chester  Valley,  by  marked  litho- 
logic  resemblance  between  the  limestone  of  the 
Doe  Run  and  Avondale  region  and  the  rock  in 
Chester  Valley,  and  by  the  position  of  the 
Umestone  south  of  Chester  Valley  in  approxi- 
mately the  same  Une  of  strike  as  the  narrow 
belt  of  Shenandoah  limestone  in  Cream  Valley 
near  Conshohocken,  Pa. 

Name. — ^The  name  Shenandoah  was  adopted 
by  Darton  ^  in  1892  to  designate  the  limestone 
formation  of  Cambrian  and  Ordovician  age 
which  occurs  in  the  Appalachian  region  of  Vir- 
ginia. Subsequently  the  United  States  Geo- 
logical Siu^ey  accepted  the  name  because  of  its 
priority  and  appUed  it  to  the  '*  Chester  VaUey " 
limestone  and  to  the  outcrops  southeast  of 
Chester  Valley  which  had  been  correlated  with 
the  Shenandoah. 

ORDOVICIAN. 
GOTORABO  SCHIST. 

Distribution  and  field  relations. — ^The  north 
face  of  the  South  Valley  Hills  forms  the  north- 
em  boundary  of  the  outcrop  of  the  Octoraro 
schist;  the  southern  boundary  is  a  Une  passing 
about  half  a  mile  north  of  the  viUage  of  Timi- 
cula,  through  Ercildoun,  a  quarter  of  a  mile 
west  of  Youngsburg,  north  to  Modena,  where 
it  runs  in  a  southeasterly  direction  to  the  east- 
em  boundary  of  the  Coatesville  quadrangle. 

The  schist  conformably  overUes  the  Shenan- 
doah limestone  on  the  north,  grading  imper- 
ceptibly into  the  Umestone  through  a  calcare- 
ous lower  member;  on  the  south  it  adjoins  the 
Wissahickon  mica  gneiss,  the  line  of  contact 
representing  a  fault  which  extends  across  the 
coimtry  in  a  roughly  northeast  direction.  The 
average  strike  of  the  formation  is  N.  65°  E. 
and  the  dips  are  about  60°  SE. 

1  Bascom,  Florence,  U.  S.  Qeol.  Survey  Oeol.  Atlas,  Philadelphia 
folio  (No.  162),  p.  5, 1909. 

*  Darton,  N.  H.,  U.  S.  Oeol.  Survey  Oeol.  Atlas,  Staunton  folio 
(Na  14),  1894. 
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In  topographic  features  the  country  under- 
lain by  the  Octoraro  schist  is  very  similar  to 
that  formed  by  the  erosion  of  the  Wissahickon 
mica  gneiss.  The  schist,  like  the  gneiss,  yields 
readily  to  the  mechanical  processes  of  weather- 
ing and  forms  a  deep  micaceous  soil,  which 
differs  from  the  gneiss  soil  in  that  it  does  not 
contain  individual  flakes  of  mica,  but  rather 
small  fragments  of  the  rock  that  have  not  been 
disintegrated  into  the  individual  constituents. 

The  soil  produced  by  the  disintegration  of 
the  schist  is  dtdl  and  sandy,  nongametifer- 
ous,  and  full  of  green,  shiny  fragments  that 
have  a  soapy  feel,  but  the  gneiss  soil  is  glisten- 
ing and  sparkling  with  large  flakes  of  mica, 
abundantly  gametiferous,  and  less  likely  to  be 
red.  Another  marked  difference  in  the  two  for- 
mations is  the  method  of  disintegration.  The 
Octoraro  schist  does  not  have  the  three  well- 
marked  joint  planes  which  cause  the  Wissa- 
hickon gneiss  to  break  readily  into  parallelepi- 
peds; but,  having  an  easy  cleavage  along  the 
planes  of  schistosity,  it  splits  into  thin  lami- 
nated fragments. 

LKhologic  character, — ^The  Octoraro  schist 
may  be  described  as  a  quartz-muscovite  schist 
or  a  quartz-chlorite  schist,  in  which  the  min- 
eral constituents  are  so  minute  that  on  the 
cleavage  planes  no  one  mineral  is  distinguish- 
able. The  fresh  rock  is  light  silvery  gray 
and  very  schistose  in  character,  and  is  com- 
posed of  quartz  and  mica  or  chlorite.  The 
quartz,  which  is  visible  only  on  the  edge  trans- 
verse to  the  cleavage  plane,  occurs  in  lenses 
completely  wrapped  around  by  the  micaceous 
layers;  on  cleavage  planes  mica  alone  is  visible 
in  microscopic  flakes  that  are  indistinguishable 
in  the  hand  specimen.  These  micaceous  con- 
stituents form  a  surface  with  a  smooth  ''feel," 
which  has  been  described  as  "soapy."  The 
color  varies  from  gray  in  the  fresh  rock  to 
green  or  yellow  in  the  weathered  rock. 

In  the  thin  section  the  schistose  character 
of  the  rock  is  very  apparent.  Small  grains  of 
quartz,  showing  homstone  texture,  form  con- 
tinuous bands  throughout  the  rock  or  occur 
in  lenses  enveloped  by  twisted  fibrous  musco- 
vite  or  muscovite  and  chlorite;  muscovite  may 
be  present  in  fine  blades  and  chlorite  may  be 
almost  entirely  absent,  or  muscovite  and 
chloritized  biotite  may  occur  together,  asso- 
ciated with  secondary  quartz,  hematite,  and 
magnetite.    The  accessory  minerals  are  pyrite. 


magnetite,  perofskite,  titanite,  rutile,  and 
apatite. 

The  sedimentary  origin  of  the  schist  is  shown 
both  in  its  field  relations  and  in  its  composi- 
tion. It  is  the  upper  member  of  a  conformable 
series  of  sandstone,  limestone,  and  shale,  and 
has  the  restricted  mineral  content  and  hom- 
stone texture  of  a  sedimentary  deposit  that 
has  undergone  metamorphism. 

Analysis. — The  composition  of  the  schist  is 
shown  by  the  following  analysis: 

Analysis  of  Octoraro  schist. 


Ignition 6. 05 

TiO,.: 1.20 

PjOa 49 

NiO  (trace  of  cobalt)        .06 


100.58 


SiOa 39.35 

AljO, 3L92 

FeaO, 2.19 

FeO 9.00 

MgO  (deficient) 3. 08 

NajO  (deficient). ...  1. 98 

KjO 5.26 

Mica  Bchiflt,  1,222  feet  from  BiAi  in  Hand  Tavern,  on 
road  from  Gulf  Mills  to  Bryn  Mawr,  Montgomery  County, 
Pa.     Pennsylvania  Second  Geol.  Survey  Rept.  C6,  p.  133, 

1881. 

The  small  content  of  the  alkalies  and  alkaline 
earths  relative  to  the  silica  and  alumina,  the 
absence  of  lime,  and  the  preponderance  of  pot- 
ash over  soda  in  the  analysis  point  to  a  sedi- 
mentary origin  of  the  formation  in  which  the 
more  readily  soluble  substances,  such  as  lime, 
soda,  and  the  alkalies,  have  been  removed  in 
solution. 

Thickness. — ^In  the  syncline  of  the  South 
Valley  Hills  the  thickness  of  the  Octoraro 
schist  seems  to  be  about  2,000  feet. 

Age  and  correlation, — ^The  Octoraro  schist 
conformably  overhes  the  Shenandoah  Ume- 
stone,  grading  down  into  the  Umestone  through 
a  calcareous  schist,  and  is  therefore  of  Ordovi- 
cian  age.  It  has  been  correlated  with  the 
Berkshire  and  Hoosac  schists  of  New  England. 

Name, — ^The  name  Octoraro  has  been  given 
to  the  schist  because  it  is  particularly  well 
exposed  along  the  banks  of  Octoraro  Creek, 
between  Lancaster  and  Chester  counties. 

IGNEOUS  BOCKS. 

EARLY  CAMBRIAN  OR  OLDER. 

KSTAOABBSO. 

Distribution. — ^About  a  mile  northwest  of 
.Coatesville  the  Baltimore  gneiss  is  penetrated 
by  two  intrusive  gabbro  masses.  Only  the 
southern  extremity  of  one  intrusion  is  visible 
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in  the  region  under  discussion;  the  other  mass 
extends  eastward  from  the  western  boimdary 
of  the  region  mapped  (PI.  I)  to  Valley  station, 
on  Rock  Run.  A  small  dike  occurs  on  the 
east  side  of  Rock  Run. 

In  the  southern  part  of  the  Doe  Run  district 
and  throughout  the  Avondale  district  meta- 
gabbro  occurs  in  narrow  dikes  in  the  Balti- 
more and  Wissahickon  gneisses  and  the  Chick- 
ies  formation.  The  outcrops  of  the  dikes  north 
of  Avondale  range  in  width  from  a  few  feet  to 
half  a  mile.  About  Wickerton,  New  Garden, 
and  Landenberg  the  dikes  are  of  considerable 
size.  South  of  Landenberg  a  series  of  narrow 
dikes,  roughly  parallel  in  direction,  may  be 
traced  for  6  or  6  miles  southwestward  to  the 
southern  edge  of  the  Coatesville  quadrangle. 

Field  relations. — ^The  dikes  of  hornblende 
gneiss  cut  the  country  rock  with  varying  strike, 
and  are  in  places  weathered  into  a  soft  dark- 
green  rock  in  which  hornblende  may  still  be 
distinguished. 

Liihologic  character. — ^The  rock  of  the  two 
areas  northwest  of  Coatesville  is  a  holocrystal- 
line,  granular,  or  only  slightly  gneissic  medium 
to  fine  grained  gabbro.  The  only  constituents 
visible  to  the  naked  eye  are  plagioclase,  a  dark- 
green  pyroxene,  and  brown  hornblende  m  slen- 
der crystals.  The  metagabbro  is  a  fine-grained 
dark-colored  rock,  for  the  most  part  green  to 
greenish  black,  with  leucocratic  constituents 
mottling  it.  Lustrous  hornblende,  the  most 
abundant  and  conspicuous  constituent,  has  a 
parallel  arrangement  and  thus  gives  the  rock  a 
banded  appearance.  The  feldspar  occurs  in 
minute  grains  of  a  dull  chalky  aspect.  In  thin 
section  it  is  foimd  that  this  aspect  of  the  feld- 
spar is  due  to  saussuritization,  which  obscures 
the  original  character  of  the  feldspar.  The 
character  of  the  extinction  angle  indicates  that 
the  feldspar  is  labradorite-bytownite.  Horn- 
blende has  been  formed  by  uraUtization — 
that  is,  by  the  alteration  of  the  original  augite 
into  hornblende.  A  core  of  augite  is  present 
in  the  interior  of  some  of  the  hornblende  crys- 
tals, where  its  pale-green  to  colorless  character, 
its  high  index  of  refraction,  and  its  occasional 
basal  sections  with  rectangular  cleavage  sepa- 
rate it  sharply  and  conspicuously  from  the  sur- 
rounding hornblende.  The  gneiss,  with  its 
basic  feldspar,  uraUtized  augite,  and  accessory 
zircon,  has  the  constitution  of  a  quartz-augite 


gabbro.  It  is  at  present  a  metagabbro  or,  be- 
cause of  its  secondary  banding,  a  hornblende 
gneiss. 

Analysis. — ^The  following  analysis  *  repre- 
sents a  dike  of  similar  metagabbro  which  oc- 
curs a  mile  north  of  Bryn  Mawr  station: 

Analy 918  of  metagabbro. 


SiOj 48.  68 

AljO, 14. 39 

FeA 4.00 

FeO 10.09 


MgO.. 

CaO.. 

NajO. 

K^O... 

H^O-f 

H2O- 


6. 32 

9. 23 

2. 31 

47 

2.03 

46 

CO, None. 


TiO,. 


1.69 


ZrOj Not  estimated. 

P2O5 0.29 

CI Not  estimated. 

S Trace. 

CfjOj None. 

NiO Trace. 

MnO 22 

BaO Faint  trace. 

SrO None. 

LijO Trace. 


100.18 


The  analysis  gives  the  following  norm : 

Norm  of  metagabbro . 


Quartz 2.82 

Orthoclase 2.78 

Albite 19.39 

Anorthite 27.52 

Diopside 13.67 

Hypersthene 21.78 


Mag:netite 5.80 

Ilmenite 3.19 

Apatite 67 

Water 2.49 


100.11 


The  rock  falls  in  Class  III,  order  5,  rang  4, 
and  subrang  3  and  is  a  hornblende  grano- 
auvergnose;  it  is  perfelic,  docalcic,  and  preso- 
dic.  The  compoimd  prefix  is  given  because 
hornblende  is  the  only  abnormative  mineral 
and  because  the  texture  of  the  rook  is  hypauto- 
morphic  granular. 

Origin. — ^There  can  be  no  question  of  the 
igneous  origin  of  the  metagabbro,  for  the  field 
relations,  mineral  constituents,  and  chemical 
composition  concur  in  pointing  to  such  an 
origin.  Since  the  intrusion .  and  consolida- 
tion of  the  gabbro  pressure  has  converted  the 
augite  into  hornblende  and  has  produced  a 
rock  cleavage  parallel  to  the  prevailing  south- 
eastward dip  of  the  cleavage  of  the  region. 

Age. — ^The  gabbro  has  nowhere  been  foimd 
intruded  into  recognized  Paleozoic  sediments, 
but  large  masses  of  gabbro  have  been  f oun4  in 
pre-Cambrian  rocks  throughout  the  eastern 
Piedmont  belt,  and  it  can  therefore  be  re- 
garded as  belonging  to  the  period  of  pre- 
Cambrian  igneous  activity.     The  presence  of  a 

1  Geol.  80c.  America  Bull.,  vol.  16,  p.  319, 1905.    Analyst,  W.  F.  Hille- 
brand,  U.S.  Oeol. Survey. 
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dike  of  hornblende  gabbro  in  the  Chickies  for- 
mation makes  it  seem  likely  that  a  portion 
of  the  original  magma  which  furnished  the 
material  for  the  pre-Cambrian  intrusions  may 
have  been  injected  into  fissures  either  during 
the  period  of  Lower  Cambrian  deposition  or 
at  some  later  time. 

PRE-SILURIAN   OR   YOUNGER. 


Distribution  and  field  relations, — The  occur- 
rence of  serpentine  in  the  Doe  Run  district  is 
restricted  to  three  small  lenticular  areas^ 
which  range  in  length  from  a  quarter  of  a 
mile  to  half  a  mile,  and  are  about  one-eighth 
of  a  mile  in  width.  Two  of  these  areas  are 
situated  near  Laurel,  on  the  West  Branch  of 
Brandywine  Creek,  and  the  third  is  about  a 
mile  southeast  of  Goosetown.  The  outcrops 
are  nowhere  prominent,  being  confined  to 
cuttings  in  the  hillsides  near  Laurel  and  to  a 
few  scattered  bowlders  in  the  fields  near 
Goosetown.  Owing  to  the  small  extent  of  the 
areas  it  is  impossible  to  recognize  the  presence 
of  serpentine  by  its  characteristic  thin  soil  and 
stunted  vegetation.  The  lenticular  shape  of 
the  areas  and  the  character  of  the  rock  itself 
are  evidences  of  its  igneous  origin.  The 
Laurel  outcrops  are  within  the  confines  of  the 
Wissahickon  mica  gneiss;  the  Goosetown  out- 
crop is  partly  surrounded  by  the  Ordovician 
schist.  In  the  Avondale  district  there  is  a 
small  outcrop  of  serpentine  on  the  Toughken- 
amon  and  London  Grove  road  li  miles  north 
of  Toughkenamon.  The  rock,  which  is  exposed 
in  a  road  cut,  is  only  a  few  feet  in  width  and 
does  not  reappear  along  the  strike.  The 
exposure  is  surrounded  by  Cambrian  gneiss 
belonging  to  the  Chickies  formation. 

Liihologic  character, — The  serpentine  in  the 
region  of  Laurel  is  a  soft  green,  extremely 
talcose  schist,  almost  approaching  a  soap- 
stone;  in  the  neighborhood  of  Goosetown  it 
is  a  massive  green  serpentine.  The  thin  sec- 
tion of  the  Goosetown  rock  shows  that  it  is 
coiflposed  mainly  of  serpentine;  other  altera- 
tion products  are  talc,  calcite,  and  iron  oxides. 
The  rock  has  been  so  completely  altered  to 
serpentine  that  the  original  character  is  difiS- 
cult  to  determine,  but  a  few  small  grains  of 
residual  olivine  remain,  showing  that  the 
rock  was  derived  from  a  peridotite.     The  rock 


north  of  Toughkenamon  is  almost  a  tremo- 
lite  schist;  it  is  green  in  color,  fibrous,  and 
soft. 

Age. — ^Throughout  the  eastern  Piedmont 
district  of  Pennsylvania  there  are  many  serpen- 
tine dikes  whose  occurrence,  except  in  the 
isolated  areas  near  Goosetown  and  Tough- 
kenamon, is  restricted  to  pre-Cambrian  rocks. 
In  many  places  in  the  immediate  vicinity  of 
Philadelphia  and  around  Chester  and  West 
Chester  serpentine  is  intruded  into  the  pre- 
Cambrian  gneisses,  but  it  nowhere  occurs  in  a 
formation  later  than  the  Wissahickon  gneiss. 

Owing  to  the  common  occurrence  of  serpen- 
tine in  pre-Cambrian  material  and  to  its 
almost  total  absence  from  Paleozoic  material, 
it  seems  possible  that  the  serpentine  near 
Goosetown,  which  is  a  metamorphosed  perido- 
tite, belongs  to  the  pre-Cambrian  period  of 
igneous  activity  and  that  it  was  carried  in 
a  small  patch  of  igneous  material  along  with 
the  overthrust  Wissahickon  gneiss  over  the 
surface  of  the  schist  and  left  by  subsequent 
erosion.  The  area  appears  to  be  partly 
surroimded  by  the  Wissahickon  mica  gneiss, 
but  the  cultivation  of  the  farm  land  in  which 
the  serpentine  occurs  makes  it  difiicult  to 
map  the  border  accurately.  The  irregular 
character  of  the  boimdary  between  the  Wissa- 
hickon gneiss,  serpentine,  and  Octoraro  schist 
is  such  as  would  be  expected  to  result  from 
the  partial  removal  by  erosion  of  the  over- 
lying rock.  It  is  possible  that  the  serpentine 
of  the  area  north  of  Toughkenamon  is  a 
remnant  of  overthrust  pre-Cambrian  material 
left  by  erosion,  or  that  it  is  a  land  area  which 
remained  an  island  during  the  whole  or  part 
of  Cambrian  and  Ordovician  time. 

In  Syracuse,  N.  Y.,  serpentine  occurs  in 
the  Salina  formation,  of  Silurian  age,  formerly 
called  "Onondaga  salt  group,''  and  Williams^ 
has  called  attention  to  the  fact  that  this 
serpentine  bears  a  strong  resemblance  to  the 
Carboniferous  peridotites  of  Kentucky  de- 
scribed by  DiUer.*  The  occurrence  of  post- 
Carboniferous  serpentines  in  the  Appalachian 
province  suggests  that  the  serpentine  here 
discussed  may  possibly  be  of  later  age  than 

1  WUUams,  G.  H.,  On  the  serpentine  (peridotite)  occurring  in  the 
Onondaga  salt  group  at  Syracuse,  N.  Y.:  Am.  Jour.  Set,  3d  ser.,  vol.  34, 
p.  137, 1887. 

>  Diller,  J.  S.,  Peridotite  of  Elliott  County,  Ky.:  U.  6.  GeoL  Survey 
Bull.  38, 1887. 
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Ordovician  and  therefore  intrusive  in  the 
Octoraro  schist  of  the  Doe  Run  district  and 
in  the  Cambrian  gneiss  of  the  Avondale  dis- 
trict. In  view,  however,  of  the  absence  of 
conclusive  evidence  showing  the  Paleozoic 
or  post-Paleozoic  age  of  the  serpentine  in  the 
Goosetown  and  Toughkenamon  areas,  and 
in  view  of  the  preponderance '  of  igneous 
material  in  the  pre-Cambrian  rocks,  it  seems 
impossible  to  determine  the  age  of  the  serpen- 
tine without  further  discovery  of  its  occur- 
rence in  Paleozoic  material. 


PEGMATITE. 


Distribution  and  fidi  relations. — ^Pegmatite 
occurs  at  eight  places  in  the  Doe  Run  district. 
Four  dikes  extend  across  the  country  in  the 
neighborhood  of  Coatesville,  striking  northeast. 
Three  of  these  dikes  occur  northeast  of  the 
town,  showing  themselves  in  bowlders  scattered 
through  the  fields;  the  fourth,  which  Ues  di- 
rectly east  of  Coatesville,  is  a  seam  of  kaolin 
within  the  confines  of  the  limestone.  Of  the 
four  pegmatite  locaUties  in  the  southern  part 
of  the  Doe  Run  district,  three  lie  in  a  contin- 
uous line  northeast  of  Upland.  There  are  only 
two  direct  outcrops  of  the  rock  in  the  Doe  Run 
district.  One  is  an  old  spar  pit  on  the  Sharp-, 
less  farm  at  Upland;  the  other,  in  direct  line  of 
strike  with  the  first,  is  a  dike  of  quartz-feldspar 
rock  in  Logan's  limestone  quarry. 

The  Avondale  district  contains  many  peg- 
matite dikes.  With  the  exception  of  an  iso- 
lated outcrop  north  of  Chatham,  the  areas  of 
pegmatite  north  of  Avondale  may  be  grouped 
into  five  dikes,  the  largest  of  which  is  an  eighth 
of  a  mile  wide.  The  northernmost  dike  appears 
a  mile  south  of  London  Grove,  whence  it  may 
be  traced  to  Baker;  the  other  four  he  to  the 
southeast,  each  separated  from  the  next  by 
about  half  a  mile  and  the  southernmost  crop- 
ping out  just  north  of  Avondale.  Between 
Avondale  and  Landenberg  the  pegmatite  dikes 
are  scattered  and  small,  but  south  of  Landen- 
berg, in  the  neighborhood  of  the  limestone, 
four  dikes  cut  the  metagabbro,  the  Baltimore 
gneiss,  and  the  Shenandoah  limestone.  Many 
other  dikes  too  small  to  be  mapped  cut  the 
country  rock  of  that  region. 

Liihologic  character, — ^The  pegmatite  is  a 
coarse-grained  white  to  gray  rock  composed  of 
quartz,  light-gray  or  pink  feldspar,  and  abun- 
dant muscovite  in  large  plates.    The  feldspar 


when  fresh  has  lustrous  surfaces  but  when 
weathered  is  abundantly  coated  with  a  yellow 
iron  oxide  stain.  The  feldspar  may  be  ortho- 
dase  with  Carlsbad  twinning  or,  more  rarely, 
with  twinning  according  to  the  Baveno  law;  or 
microchne  with  the  gridiron  texture;  or  oligo- 
clase;  or  microperthite.  The  most  prominent 
of  the  long  Ust  of  accessory  minerals  associated 
with  the  pegmatite  are  iron  pyrites,  tourma- 
line, and  garnet. 

The  absence  of  banding,  the  coarse  crystaUi- 
zation,  and  the  diversity  in  texture  and  mineral 
composition  are  all  evidences  that  the  pegma- 
tite is  not  a  normal  plutonic  rock  which  has 
undergone  the  pressure  to  which  the  other 
rocks  of  the  region  have  been  subjected.  On 
the  other  hand,  the  trend  of  the  dikes,  dis- 
cordant to  the  strike  of  the  coimtry  rock,  is 
imlike  that  of  the  veins  of  the  region. 

Origin. — ^The  pegmatite  dikes  of  this  region 
represent  the  most  highly  differentiated  phase 
or  end  product  of  an  igneous  magma.  They 
show  more  igneous  than  aqueous  characteristics 
and  may  be  explained  as  the  result  of  slow 
crystallization  of  an  igneous  magma  saturated 
with  water.  They  are  the  yoimgest  pre-Triassic 
igneous  rocks  of  the  region  and  represent  the 
expiration  of  the  igneous  activity  which  began 
in  pre-Cambrian  time  and  which  is  represented 
in  the  Coatesville  region  by  the  metagabbro 
and  in  the  Philadelphia  region  by  the  por- 
phyritic  granite,  gabbro,  and  ultrabasic  peri- 
dotite  and  pyroxenite. 

The  points  of  difference  between  pegmatites 
and  plutonic  rocks  have  already  been  men- 
tioned. The  pegmatite  is  coarse  and  irregular 
in  texture  and  has  not  the  uniform  constitution 
of  a  granite.  It  is  Uke  a  granite  in  its  order  of 
crystallization  and  like  a  dike  in  its  occurrence 
in  the  field. 

Age. — The  pegmatite  has  not  been  foimd  in 
rocks  younger  than  the  Shenandoah  limestone. 
Its  intrusion  was  subsequent  to  the  pressure 
that  produced  the  thrust  fault  of  the  Wissa- 
hickon  mica  gneiss,  and  its  age  may  be  pre^ 
Silurian  or  younger. 

TRIASSIC. 
DIABASE. 

Distribution    and  field    relations. — ^Diabase 
*  (iccurs  in  five  dikes  in  the  Doe  Run  and  Avon- 
dale  region.    One  line  runs  through  the  Doe 
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Run  district  in  a  southweaterly  direction  from 
a  locality  about  1^  miles  southeast  of  Goose- 
town  to  the  neighborhood  of  Green  Lawn,  and 
the  great  trap  dike  of  Downingtown,  northeast 
of  Coatesville,  may  be  regarded  as  a  continua- 
tion of  it.  West  of  this  long  dike  a  shorter 
one  extends  from  Springdell  to  Green  Lawn. 
On  each  side  of  a  line  drawn  from  Woodville 
to  Chatham  a  dike  of  diabase  may  be  traced 
southwestward  for  about  4  miles.  A  fifth  dike 
near  Woodville  extends  for  about  1^  miles. 
Except  for  a  few  ledges,  the  existence  of  the 
diabase  is  indicated  only  by  a  trail  of  bowlders 
across  the  country  underlain  by  the  rock.  It 
strikes  N.  45°  E.,  and  the  width  of  the  dikes 
where  exposures  exist  is  about  20  feet. 

LitJiolagic  character. — ^The  Downingtown  dike 
is  a  rather  coarse  grained  diabase,  composed  of 
crystals  of  plagiodase  and  green  pyroxene. 
The  rock  of  the  dikes  near  Woodville  is  typical 
fine-grained  diabase,  in  which  the  only  mineral 
constituent  recognizable  with  the  naked  eye  is 
pale-green  feldspar  sparkling  in  a  dark  green- 
ish-gray groimdmass.  Microscopic  study 
shows  that  the  feldspar  is  labradorite-bytown- 
ite  and  occurs  in  automorphic  lath-shaped 
crystals  so  arranged  as  to  produce  the  ophitic 
texture  characteristic  of  diabase.  The  micro- 
scope also  shows  pyroxene,  which  is  pale-green 
augite  and  unusually  fresh  and  which  occurs 
as  xenomorphic  individuals  within  the  net- 
work of  feldspar.  The  accessory  minerals  are 
magnetite,  epidote,  quartz,  biotite,  apatite, 
and  chlorite,  with  secondary  ilmenite.  The 
rock  has  a  conchoidal  fracture  and  when  ex- 
posed to  the  atmosphere  for  some  time  weath- 
ers into  spheroidal  bowlders  with  a  yellow 
exterior  and  a  greenish-gray  interior. 

Analysis. — ^The  following  analysis  repre- 
sents a  specimen  of  the  Conshohocken  dike  in 
West  Conshohocken,  Montgomery  County,  Pa. :  * 


This  analysis  gives  the  following  norm : 

Norm  of  diabase  from  Conshohocken  dike. 


Analysis  of  diabase  from  Conshohocken  dike. 


SiOj 5L36 

AlaOa 17.38 

FejO, 6.57 

FeO 3.86 

MgO 3.42 

CaO 10.19 


Na^O 


2.19 


KjO. 

Lo68. 

PO,. 

Li^O. 


1.46 

2.15 

1.63 

.13 

Trace. 

100.53 


Quartz 10.14 

Orthoclase 8.90 

Albite 18.34 

Anarthite 33.08 

Enstatite 8.60 

Wollastonlte 6. 96 

Apatite 34 


Ilmenite 3.04 

Magnetite 7.66 

Hematite 1.2S 

Water 2.15 


100.49 


1  Pennsylvania  Second  Geol.  Survey  Rept.  C3,  p.  2Jh,  1880;  Rept.  Cd, 
p.  134, 1881.   Analysis  by  F.  A.  Qenth,  Jr. 


This  diabase  is  a  dosalane  which  is  docalcic 
and  presodic — ^in  other  words,  the  salic  constit- 
uents are  dominant  over  the  femic  and  the 
lime  over  the  alkalies.  Of  the  alkalies  soda 
preponderates.  The  rock  is  an  augite  ophiti- 
bandose. 

Age. — ^In  its  freshness,  mineral  constitution, 
and  microtexture  the  rock  found  in  the  Doe 
Run  and  Avondale  region  resembles  the  Trias- 
sic  diabase.  It  is  in  line  of  strike  with  the 
Downingtown  dike,  which  has  been  traced 
northeast  into  Triassic  formations  and  which 
extends  intermittently  southwest  as  far  as 
Maryland,  crossing  the  Phoenix villo  and  West 
Chester  quadrangles  and  appearing  in  the 
Coatesville  quadrangle  as  here  described. 

STRUCTURAL  GEOLOGY. 
STBUGTUBB  OF  THE  PIEDMONT  PLATEAU. 

The  crystalline  rocks  of  the  Piedmont  region 
comprise  closely  folded  and  faulted  Paleozoic 
and  pre-Paleozoic  rocks,  partly  concealed  by  a 
cover  of  gently  folded,  immetamorphosed  Meso- 
zoic  shales  and  sandstones,  which  dip  gently 
northwest  and  are  broken  by  a  series  of  normal 
and  reverse  faults  with  a  southeast  hade.  In 
strong  contrast  to  the  simple  structure  of  the 
shales  and  sandstones,  the  belt  of  crystalline 
rocks  that  lies  southeast  of  the  Mesozoic  cover 
presents  a  succession  of  close  unsymmetrical 
folds,  sharply  overturned  toward  the  northwest 
and  dislocated  by  thrust  faidts  with  a  preva- 
lent southeast  hade.  The  folding  appears  to 
be  isoclinal,  because  the  limbs  of  the  folds  are 
compressed  closely  and  the  folds  are  usually 
overturned.  They  strike  in  a  general  north- 
easterly direction,  but  the  axis  of  the  major 
folds  is  usually  inclined  more  or  less  gently,  and 
this  pitching  of  the  axis  shows  that  there  has 
been  gentle  folding  at  right  angles  to  the  major 
folding.    The  period  of  stress  that  began  in 
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Archean  and  Paleozoic  time  was  marked  by  the 
gradual  accimiulation  in  the  earth's  crust  of 
compressive  forces  which  sought  relief  in  two 
directions,  thereby  producing  two  systems  of 
folding — one,  compressed  and  overturned  major 
folds;  the  other,  gentle  and  open  minor  folds. 
This  difference  in  the  intensity  of  folding  may 
be  due  to  the  fact  that  the  pressure  originating 
along  the  minor  axis  was  less  than  that  along 
the  major  axis;  or  it  may  be  due  to  the  greater 
resistance  of  the  strata  tdong  the  minor  axis,  or 
to  the  combination  of  these  two  causes.  The 
compressed  folds  lie  along  a  northeast  axis, 
producing  a  succession  of  overthrusts  that  have 
been  gradually  developed  as  the  result  of  a 
major  force  working  from  a  southeast  direction. 
A  thick  limestone  f  Armation  was  the  control- 
hng  factor  in  the  folding  of  the  Paleozoic  sedi- 
ments, and  the  more  deeply  the  layer  was 
buried  the  more  readily  it  yielded  to  pressure. 

In  the  sharp  overthrusts  of  the  major  folds, 
warping  of  the  earth's  surface  produced  a  weak- 
ness which,  by  concentration  along  the  axis 
of  overthrust,  has  caused  a  repeated  sliding  of 
the  earth's  crust.  In  the  zone  of  combined 
fracture  and  flowage,  by  means  of  lateral  pres- 
sure, combined  with  slight  overloading,  the 
elasticity  of  the  material  is  exceeded  so  that  the 
rock  is  fractured  along  the  limbs  of  the  folds, 
with  movement  along  both  sides  of  the  rupture. 
Such  faults  have  a  gentle  hade  in  a  southeasterly 
direction  and  along  them  the  deeply  buried 
Archean  rocks  were  pushed  up  imtil  they  over- 
lay the  yoimger  Paleozoic  sediments.  The 
faults  strike  in  a  general  northeast  direction, 
and  their  linear  extent  is  extremely  variable. 
The  faults  in  the  Triassic  beds  are  normal,  with 
a  hade  of  75°  SE.  to  90°  and  with  slight  dis- 
placement. 

Cleavage,  fissility,  and  jointing  are  also  char- 
acteristic features  of  the  crystalline  schists  of 
the  Piedmont  Plateau.  Jointing  is  caused  by 
the  yielding  of  the  rock  along  shearing  planes 
and  is  usually  found  in  three  directions  nearly 
normal  to  one  another;  it  is  supplemented  by 
the  plane  of  cleavage  and  fissility,  which  is  in 
many  places  almost  normal  to  the  joint  planes. 
Fissility  is  a  structure  resulting  from  heat, 
pressure,  and  metamorphism,  by  virtue  of  which 
rocks  are  separated  into  parallel  laminse.  In 
the  gneisses  and  schists  rearrangement  and 
flattening  of  the  old  minerals  and  a  production 


of  new  minerals  have  caused  an  orientation  of 
the  mineral  particles  with  their  longer  axes 
parallel.  The  parallel  laminae  m  crystallme 
schists  are  usually  coincident  with  the  bedding 
planes,  differing  from  them  only  where  the 
sediments  are  much  plicated  and  the  plane  of 
fissility  does  not  follow  the  close  crumpling  of 
the  beds. 

The  jrielding  of  the  rock  along  shearing  planes 
which  produces  jointing,  cleavage,  and  fissility  is, 
Uke  folding,  caused  by  lateral  compression,  owing 
to  a  tangential  thrust  from  the  direction  of  the 
Atlantic  Ocean  segment  which  continued  dur- 
ing a  long  period  of  time  and  which  acted  most 
strongly  in  a  direction  at  right  angles  to  the 
strike  of  the  major  foldd.  At  the  same  time 
vertical  movements,  bringing  the  beds  to  their 
present  position,  probably  aided  the  work  of 
horizontal  compression,  which  is  operative 
only  at  great  depths  in  the  zone  of  flowage  and 
fracture.  The  two  components  of  the  force 
are  lateral  and  vertical  thrust.  When  open 
upright  folds  have  passed  by  means  of  lateral 
thrust  into  closed  and  compressed  folds,  the  ver- 
tical thrust  tends  increasingly  to  overturn  them. 
The  uniformity  of  the  southeast  dip  of  the 
formations  shows  that  the  major  force  was 
from  that  direction;  the  minor  folding,  normal 
to  the  major,  resulted  from  suboceanic  spread 
from  the  direction  of  the  Gulf  of  Mexico.  Tan- 
gential thrust  began  in  pre-Paleozoic  time  and 
continued  throughout  the  Paleozoic  era,  cul- 
minating at  the  close  of  the  Carboniferous 
period.  The  belt  of  crystalline  rocks  which 
lies  on  the  northwestern  border  of  the  Triassic 
cover  presents  the  structural  features  described 
above,  modified  to  some  extent  by  its  greater 
distance  from  the  position  of  initial  stress.  In 
the  southeastern  belt  an  anticlinal  arch  brings  to 
the  surface  the  pre-Cambrian  gneiss  as  the  core  of 
a  great  maj  or  fold.  This  arch,  passing  imder  the 
Triassic  shales,  is  to  some  extent  obscured  by 
them  but  becomes  plainly  apparent  along  the 
northwestern  boundary  of  the  eastern  belt  of 
metamorphosed  crystalline  rocks.  Farther 
southeast  it  passes  into  a  synclinal  trough  of 
Ordovician  material,  of  which  the  northwest 
limb  forms  Chester  Valley  and  the  southeast 
limb  underlies  a  faulted  cover  of  Wissahickon 
mica  gneiss.  A  great  anticline  of  pre-Cambrian 
gneiss  follows  the  syncline  and  is  succeeded  by 
several  folds  which  finally  disappear  imder  the 
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Cretaceous  sediments  of  the  Coastal  Plain^  on 
the  southeast  border  of  the  Piedmont  Plateau. 
The  structure  of  this  pre-Cambrian  anticline 
is  much  obscured  by  many  intrusions  of 
igneous  material,  and  in  Maryland  the  anticline 
itself  is  broken  up  by  igneous  material. 

STBUGTUBX  OF  THE  DOS  BUN  AND  AVONDALB 

BSQION. 

FOLDS. 

In  the  major  folds  of  the  Doe  Run  and  Avon- 
dale  region  are  represented  the  three  great  anti- 
clines and  the  synclines  described  above.  In 
the  northwest  comer  of  the  region  the  Balti- 
more gneiss  forms  the  core  of  the  North  Chester 
Valley  anticline,  which  is  flanked  on  the  south- 
east limb  by  Cambrian  quartzite,  succeeded  by 
the  Cambrian  and  Ordovician  Shenandoah 
limestone.  Farther  southeast,  on  the  South 
Valley  Hills,  the  Ordovician  Octoraro  schist 
comes  to  the  surface  in  a  wide,  shallow  syncline 
terminated  by  a  long  thrust  fault,  which  has 
brought  the  Wissahickon  mica  gneiss  into  direct 
contact  with  the  Ordovician  schist.  The  pecu- 
liar course  of  this  fault  plane  is  treated  in  detail 
on  page  27. 

The  rocks  underlying  the  overthrust  gneiss 
form  a  shallow  synclinorium,  here  called  the 
Modena-Chester  Valley  synclinorium.  On  the 
southeast  limb  of  the  synclinorium  the  imder- 
lying  limestone  comes  to  the  surface  in  the 
crests  of  secondary  anticlines,  where  stream 
erosion  cutting  through  the  overthrust  cover 
of  mica  gneiss  has  established  anticlinal  valleys 
in  the  limestone. 

An  overturned  syncline  of  quartzite  and 
limestone  separates  the  Wissahickon  gneiss 
from  the  southern  dome  of  the  Baltimore 
gneiss,  in  which  the  rock  forms  a  steep  anticline 
overturned  to  the  northwest.  Southeast  of  this 
anticline,  here  known  as  the  West  Marlboro 
anticline,  a  synclinal  wedge  of  limestone  has  been 
faidted  upon  the  Baltimore  gneiss  along  a 
fault  plane  having  a  very  gentle  southeast  hade ; 
the  fault  plane  is  split  and  the  overthrust  Wis- 
sahickon gneiss  almost  completely  covers  the 
syncline,  leaving  only  a  small  remnant  of  lime- 
stone  exposed.  These  structural  features  are 
shown  in  Plate  III,  section  A-A',  which  is 
drawn  along  a  line  normal  to  the  average  strike 
of  the  formations.  The  secondary  and  tertiary 
anticlines  and  synclines  that  compose  the  great 


folds  are  the  controlling  factors  in  the  areal 
distribution  of  the  formations.  The  Shenan- 
doah limestone  occupies,  for  the  most  part, 
synclines  and  it  represents  the  troughs  of  folds 
remaining  after  the  erosion  of  the  rest  of  the 
formation,  a  relation  of  the  limestone  to  the 
adjoining  formations  which  is  illustrated  in 
Plate  III. 

South  of  Avondale  the  Baltimore  gneiss  is 
closely  folded  into  small  anticlines  and  syn- 
clines whose  character  is  indicated  by  the  pre- 
vailing southeasterly  dips.  South  of  Landen- 
berg  is  an  area  of  limestone  which  exhibits  sim- 
ilar structure,  the  southeastern  limb  of  a  syn- 
cline cut  oflf  by  an  overthrust  from  the  south- 
east. 

This  structure,  which  Is  illustrated  by  the 
sections,  conforms  to  that  prevailing  in  the 
southeastern  part  of  the  Piedmont  region. 
The  only  striking  divergence  occurs  in  the  lime- 
stone which  extends  from  Baker  southwestward 
and  lies  north  of  the  Westgrove  area  of  quartz- 
ite, where  there  is  a  normal  upright  syncline. 
The  primary  folds  may  be  traced  along  the 
strike  to  the  northeast  and  southwest.  The 
Cabin  John  and  Buck  Ridge  anticline  extends 
from  Maryland  to  New  Jersey  and  throughout 
its  length  is  bounded  by  synclines;  the  north- 
em  syncline  passes  into  the  anticline  of  the 
North  Valley  Hills,  and  the  southern  syncline 
extends  southwestward  until  it  is  overlain  by 
younger  deposits  of  the  Coastal  Plain  or 
obscured  by  pre-Cambrian  igneous  rocks. 

The  major  folds,  however,  do  not  explain  the 
pinching  out  of  the  Baltimore  gneiss,  the 
Chickies  formation,  and  the  Shenandoah  lime- 
stone parallel  to  the  strike,  while  to  the  north- 
east and  southwest  there  is  a  imif  orm  exposure 
of  the  Wissahickon  gneiss.  The  explanation  of 
the  lack  of  formational  continuity  must  be 
sought  in  the  minor  folding,  which  is  rather 
pronounced  in  character.  The  anticline  of  pre- 
Cambrian  gneiss  represents  a  dome  whose 
northeast  and  southwest  flanks  slope  away  in 
gentle  minor  synclines.  A  little  farther  north- 
west the  same  minor  folding  is  apparent,  but 
the  axis  is  shorter.  The  northern  finger-like 
limestone  areas,  from  Springdell  to  Doe  Run 
station  and  from  Doe  Run  post  office  north  to 
Buck  Run,  represent  the  crests  of  small  minor 
anticlines.  These  anticUnes  pinch  out  toward 
the  north,  and  the  small  minor  syncline  of  Wis- 
sahickon mica  gneiss  which  separates  the  lime- 
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stone  antidines  also  dies  away  to  the  north- 
west, so  that  the  undulation  of  the  minor  fold- 
ing becomes  scarcely  perceptible. 

FAULTS. 

The  rocks  of  this  region  are  cut  by  a  long 
thrust  fault.  In  the  northern  part  of  the  re- 
gion the  syncline  in  the  Ordovician  schist  has 
been  partly  covered  by  this  thrust  fault,  which, 
extending  across  the  entire  region,  brings  the 
TVissahickon  mica  gneiss  over  formations  of 
several  ages  and  into  contact  with  the  schist. 
The  contact  plane  of  the  pre-Cambrian  mica 
gneiss  with  formations  of  different  age  is  every- 
where the  plane  of  the  overthrust. 

It  is  impossible  to  determine  the  exact  extent 
of  the  Doe  Rim  overthrust,  but  it  is  probable 
that  the  mica  gneiss  was  carried  over  the  sur- 
face of  younger  formations  for  more  than  15 
miles  from  the  source  of  the  fault.  The  origi- 
nal location  of  the  Wissahickon  has  been  ob- 
scured by  the  pre-Cambrian  igneous  intrusions 
and  by  the  deposition  of  the  post-Paleozoic  for- 
mations of  the  Coastal  Plain.  The  most  north- 
em  intersection  of  the  fault  plane  with  the  ero- 
sional  surface  is  found  on  the  boundary  of  the 
Octoraro  schist,  but  it  is  likely  that  the  original 
extent  of  the  overthrust  has  been  reduced  by 
crustal  shortening.  That  earth  movements  of 
similar  extent  are  not  uncommon  is  shown  by 
a  number  of  gently  sloping  overthrust  faidt 
planes  in  the  southern  Appalachian  region.  A 
fault  in  North  Carolina  and  Tennessee,  de- 
scribed by  Keith,^  extends  over  100  miles  in  a 
northeasterly  direction.  The  displacement 
along  a  gentle  hade  is  estimated  as  at  least  20 
miles.  The  Rome  fault'  is  another  charac- 
teristic example  of  such  an  overthrust.  Ex- 
tending through  Georgia  and  Alabama  for 
many  miles,  it  has  thrust  Cambrian  shales  over 
the  underlying  Silurian  and  Carboniferous  rocks 
for  more  than  5  miles.  An  example  of  over- 
thrusting  on  a  much  larger  scale  is  seen  in  Scan- 
dinavia,' where  the  Archean  crystalline  schist 
has  been  moved  over  the  Paleozoic  formations 
for  some  500  miles,  with  a  horizontal  displace- 
ment amounting  to  80  miles.     Similar  over- 

I  Keith,  Arthur,  U.  S.  Oeol.  Survey  Oeol.  Atlas,  Roan  Mountain  folio 
(No.  151),  1907. 

*  Hayes,  C.  W.v  idem,  Rome  folio  (No.  78),  1902. 

*  Hflgbom,  A.  O.,  Studies  in  the  post-Silurian  thrust  region  of  J^mt- 
bnd:  Guide  des  excursions  en  SuMe,  tome  I,  No.  2,  Eleventh  Intemat. 
Oeol.  Caag.f  1910.  TOmebohm,  A.  £.,  Oeol.  FOren.  Fdrh.,  Bd.  10, 
p.  328-336,  Stockhohn,  1888. 
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thrusts  have  been  noted  in  the  Eriboll  disloca- 
tion zone,  in  northwestern  Scotland,*  in  the 
Swiss  Jura,^  and  in  various  other  zones  of  intense 
folding.  In  all  these  localities  the  horizontal 
thrust  plane  has  been  folded  along  with  the  xm- 
derlying  rocks  by  subsequent  diastrophism.  In 
the  Doe  Run  and  Avondale  region  subsequent 
deformation  has  folded  both  imderthrust  and 
overthrust  rocks,  and  although  the  massive 
Shenandoah  limestone  has  in  the  main  acted  as 
a  resistant  formation,  yet  in  some  places  the 
sharp  folding  has  produced  lines  of  structural 
weakness,  and  along  these  lines  the  plane  of  the 
major  overthrust  may  have  been  dislocated  by 
subsequent  thrusts,  although  it  was  impossible 
to  procure  evidence  for  such  subordinate  faults 
of  yoimger  age. 

Erosion  combined  with  minor  and  major 
folding  has  cut  the  great  thrust  fault  plane  in 
a  pecuUarly  irregular  manner.  The  trace  of  its 
contact  with  the  surface  is  therefore  an  ex- 
tremely irregular  Une. 

In  this  overthrust  of  the  Wissahickon  mica 
gneiss  upon  the  Shenandoah  limestone  is  found 
the  explanation  both  of  the  superposition  of 
mica  gneiss  upon  limestone  in  the  quarries  of 
the  district  and  also  of  the  seemingly  anomalous 
occurrence  of  younger  formations  in  the  val- 
leys and  older  formations  on  the  hilltops.  (See 
fig.  4,  p.  15.)  The  pitch  of  the  formations  to 
the  northeast  and  southwest  carries  the  fault 
plane  below  the  surface,  so  that  its  extent  along 
the  Une  of  strike  can  not  be  determined. 
Thinning  out  of  the  limestone  owing  to  lack  of 
sedimentation  makes  it  impossible  to  determine 
the  fault  plane  by  the  reappearance  of  the  lime- 
stone at  the  surface,  and  its  trace  is  lost  in  the 
Wissahickon  mica  gneiss. 

JOINTS. 

Jointing  is  a  prominent  feature  of  the  rocks 
of  the  region.  The  pre-Cambrian  gneisses  have 
four  important  and  persistent  systems  of  joints, 
of  which  the  three  most  pronounced  are  com- 
mon to  the  Paleozoic  rocks.  The  north-south 
joint  system  strikes  from  N.  15®  W.  to  N.  10® 
E.,  and  the  east-west  joint  system  strikes  from 
N.  80°  W.  to  N.  75°  E.     The  dip  of  the  planes 

4  Oeilde,  Archibald,  Geol.  Soc.  London  Quart.  Jour.,  vol.  44,  pp. 
37&-441, 1888;  based  on  field  notes  of  B.  N.  Peach,  J.  Home,  W.  Gunn, 
C.  T.  Clough,  L.  Hinxman,  and  H.  M.  Cadell. 

ft  Rothplets,  August,  Deutsche  geol.  Oesell.  Zeitschr.,  Bd.  35,  p.  134, 
1883. 
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in  both  these  systems  is  almost  vertical,  and 
the  joints  of  the  two  systems,  intersecting 
nearly  at  right  angles,  combined  with  the  bed- 
ding plane,  cut  the  rock  into  rhombohedral 
blocks.  The  third  joint  system,  striking  about 
N.  45^  E.,  includes  strike  joints  which  are 
utilized  as  the  back  faces  of  quarries,  as  in  the 
quartzite  quarry  on  the  north  side  of  the  road 
leading  southwestward  from  London  Grove, 
where  a  triple  system  of  joints  shows  very  dis- 
tinctly. The  fourth  joint  system,  which  strikes 
N.  45°  W.,  is  foimd  in  the  Baltimore  gneiss  and 
Wissahickon  mica  gneiss. 

HISTORICAL  GEOLOGY. 
PIEDMONT  PLATEAU. 

In  order  to  understand  the  history  of  the 
Piedmont  Plateau  it  is  necessary  to  discuss  that 
of  the  Appalachian  region.  A  land  area  which 
has  been  called  Appalachia  existed  along  the 
present  eastern  border  of  the  United  States 
from  pre-Paleozoic  time,  and  its  streams 
drained  westward  into  the  Appalachian  Straits, 
an  interior  sea  whose  eastern  shore  was  some- 
where in  the  Piedmont  Plateau  and  whose 
western  shore  was  east  of  Mississippi  River. 
The  highly  feldspathic  shore  material  carried 
down  by  the  Appalachian  streams  subse- 
quently formed  in  the  northern  part  of  the 
Piedmont  region  the  great  expanses  of  Balti- 
more and  Wissahickon  gneiss,  and  in  the  south- 
em  part  the  thick  deposits  of  Carolina  gneiss. 
After  the  lapse  of  a  period  of  time  whose  dura- 
tion can  be  inferred  only  from  the  great  thick- 
ness of  pre-Cambrian  sediments,  a  change  in 
conditions  set  in.  A  gradual  emergence  of  the 
land  and  a  westward  migration  of  the  shore  line 
took  place,  accompanied  by  igneous  activity, 
during  which  large  masses  of  granite,  diorite, 
and  pyroxenite  were  intruded  into  the  pre- 
Cambrian  gneisses,  and  a  process  of  mountain 
building,  similar  to  that  which  produced  the 
Sierra  Nevada  and  the  Coast  Range,  was  begun 
by  the  uplift  of  the  deep-seated  pre-Paleozoic 
rocks.  The  ancient  Appalachian  streams,  re- 
juvenated by  uplift,  began  to  cut  down  through 
the  newly  formed  land  and  once  more  found 
their  way  by  lengthened  courses  to  a  sea  which 
had  migrated  toward  the  west  and  was  reduced 
to  little  more  than  a  strait. 

As  the  conditions  of  heat  and  pressure,  which 
had  led  to  igneous  action,  resumed  an  equilib- 


rium, the  widening  waters  of  the  Appalachian 
Straits  slowly  transgressed  upon  the  shore 
lines  of  Appalachia  in  a  period  of  submergence 
which  lasted  imtil  the  end  of  Ordovician  time. 
Disintegrating  feldspathic  gneisses  and  igneous 
rocks  furnished  large  pebbles  of  quartz  and 
feldspar  which  were  carried  down  by  the  streams 
and  dropped  along  a  receding  shore  line,  forming 
the  basal  conglomerate  that  marks  the  close  of 
the  period  of  erosion  that  residted  in  the  pre- 
Cambrian  imconf  ormity  and  the  b^inning  of  a 
long  period  of  quiet  sedimentation.  North  of 
Philadelphia,  traces  of  this  conglomerate,  ex- 
posed by  the  upward  pitch  of  a  syncline,  under- 
Ue  a  fine-grained  white  quartzite  which  repre- 
sents the  Lower  Cambrian  and  which  extends 
in  varying  thickness  and  amount  throughout 
the  Piedmont  region.  At  the  beginning  of 
Cambrian  time  a  slow  subsidence  of  the  upland 
was  flooding  the  stream  valleys  at  their  mouths, 
forming  estuaries  in  which  was  deposited  shore 
material  of  coarse  sand,  often  impure,  because 
wave  action  was  not  sufficient  to  sort  the  mate- 
rial. In  the  northern  part  of  the  Piedmont 
region  this  sand  by  consolidation  and  meta- 
morphism  has  become  quartzite,  or  mica  schist, 
or  mica  gneiss;  in  the  south,  with  Uttle  or  no 
metamorphism,  it  has  become  sandstone  and 
shale.  Its  thickness  is  variant  owing  to  changes 
in  level  of  the  strand  line  during  deposition. 

These  local  oscillations  next  gave  rise  to  a 
deposit  in  which  micaceous  mud  alternates 
with  sand.  Subsequent  continuous  erosion  of 
the  Appalachian  land  brought  to  the  sea  finer 
and  finer  sediments,  and  over  the  Lower  Cam- 
brian quartzite  calcareous  deposits  were  laid 
down  in  a  transgressing  sea,  so  that  gradual 
denudation  of  the  land,  accompanied  by  an 
expanding  and  deepening  of  the  sea,  resulted 
in  a  thick  accumulation  of  late  Cambrian  and 
Ordovician  limestone,  the  Shenandoah  lime- 
stone. Conditions  remaining  imchanged,  the 
Cambrian  period  passed  into  the  Ordovician 
without  stratigraphic  break,  so  that  it  is  only 
by  study  of  the  changes  in  marine  life  that  the 
periods  can  be  separated.  In  later  Ordovician 
time  there,  was  a  negative  displacement  of  the 
strand  line  and  the  positiv  e  element,  Appalachia, 
once  more  increased  in  extent,  while  in  the  west 
a  Cambrian  island  was  elevated  above  the  in- 
terior sea  and  formed  the  Cincinnati  arch.  The 
streams,   quickened  by  rejuvenation,    carried 
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down  froin  the  late  Cambrian  and  Ordovician 
lowlands  large  quantities  of  a  fine  clayey  mud 
and  deposited  it  conformably  upon  the  lime- 
stone, forming  the  Ordovician  shale,  which 
produced  the  Martinsburg  shale  of  the  southern 
Piedmont  area,  and  probably  by  later  meta- 
morphism  the  Octoraro  schist  of  the  northern 
Piedmont. 

The  emergence  that  marked  the  dose  of  the 
great  period  of  limestone  deposition  continued 
in  this  region  until  the  dose  of  the  Paleozoic 
era,  while  elsewhere  a  varying  succession  of 
sand  and  shale  was  laid  down.  At  first  shale 
succeeded  limestone  in  all  parts  of  the  region, 
but  when  the  uplift  was  accomplished  the  shale 
was  confined  to  deeper-water  sedimentation. 
Uplift  continued  until  the  Appalachian  Sea 
was  dosed  at  the  north  and  became  a  gulf. 

In  the  southeastern  Piedmont  belt  of  Penn- 
sylvania no  sediments  younger  than  Ordovi- 
cian are  foimd.  Silurian  and  Devonian  sedi- 
ments may  have  been  laid  down  and  later 
removed  by  erosion,  but  it  is  likely  that  this 
area,  during  the  deposition  of  the  coal  measures 
m  western  lagoons,  was  a  land  mass  which 
received  no  further  sediments  until  the  end  of 
the  Triassic  period.  The  Appalachian  Gulf  was 
being  slowly  filled,  and  the  shore  line  was 
moving  west,  until,  at  the  end  of  Carboniferous 
time,  marine  sedimentation  in  the  Appalachian 
Straits  was  brought  to  an  end. 

During  the  post-Carboniferous  period  of 
erosion  the  uplifted  continent  was  worn  down 
by  the  degradation  of  upper  Paleozoic  sedi- 
ments, so  that  if  any  post-Ordovician  Paleozoic 
formations  were  ever  present  in  the  Piedmont 
Plateau  they  were  completely  removed.  A 
slow  transgression  upon  the  eastern  shore  of  the 
Appalachian  continent  followed  the  emergence 
of  the  western  coast  from  the  interior  Paleozoic 
sea.  Exactly  where  the  Atlantic  coast  line 
stood  in  Mesozoic  time  can  hardly  be  de- 
termined, but  the  evidence  of  the  deposits 
of  the  Newark  group  would  indicate  that 
toward  the  end  of  the  Triassic  period  a  series 
of  lagoons  and  tidal  estuaries  extended  along 
the  eastern  border  of  the  continent,  then  worn 
down  to  the  level  of  Ordovician  sediments.  In 
the  shallow,  brackish  water  of  these  lagoons 
rivers  were  depositing  the  mud  and  sand  from 
the  eroded  Paleozoic  rocks  which  subsequently 
formed  the  ripple-marked  red  shales  and  sand- 


stones of  the  Newark  group.  Volcanic  activity 
accompanied  the  sedimentation,  resulting  in 
flows  of  basic  lava  and  in  the  intrusion  of  sills 
and  dikes  of  diabase  which  extend  with  various 
interruptions  from  the  great  Palisades  of  New 
York  to  isolated  dikes  in  Maryland.  With  the 
emergence  of  the  Newark  sediments  the  last 
sedimentation  distinctive  of  the  Piedmont 
Plateau  came  to  a  close.  The  history  of  all 
succeeding  deposits  may  be  read  in  the  adjoin- 
ing Coastal  Plain  province. 

DOE   RUN  AND  AVONDALB  BEGION. 

The  formations  of  the  Doe  Rim  and  Avon- 
dale  region  present  an  epitome  of  the  geologic 
history  of  the  Piedmont  Plateau  from  early 
pre-Cambrian  through  Ordovician  time.  In 
order  to  imderstand  the  somewhat  irregular 
sedimentation  of  this  area  the  conditions  of 
deposition  must  be  dearly  borne  in  mind.  It 
will  be  remembered  that  the  Appalachian 
continent,  worn  by  erosion  to  a  region  of  low 
relief,  lay  to  the  east  of  the  present  Piedmont 
district,  and  the  interior  sea,  which  had  widened 
in  the  south  probably  as  far  east  as  the  present 
Atlantic  shore  and  had  migrated  in  the  west 
across  the  great  Appalachian  Valley  to  Mis- 
souri and  Wisconsin,  was  rapidly  narrowing 
in  its  northern  part  to  little  more  than  a  strait. 
The  sediments  which  form  the  Wissahickon 
mica  gneiss  were  being  laid  down  in  a  thick 
deposit  along  the  shore  line  of  Appalachia. 
That  the  southern  portion  of  the  Doe  Run  and 
Avondale  region  remained,  in  part  at  least,  a 
land  mass  until  the  beginning  of  Cambrian 
time  is  a  conclusion  suggested  by  the  absence 
of  the  Wissahickon  mica  gneiss  between  the 
Baltimore  gneiss  and  the  Cambrian  quartzite 
in  the  Woodville-Chatham  anticline,  and  by 
the  presence  on  the  flanks  of  the  igneous  core 
of  a  sedimentary  transition  facies  of  the 
Baltimore  gneiss.  Pumpelly  *  has  described 
a  gneiss  from  Hoosac  Mountain,  Vt.,  which 
presents  the  same  anomalous  feature — that  of 
a  transitional  form  apparently  in  direct  con- 
tinuity with  two  formations  otherwise  sepa- 
rated by  a  great  time  break  and  an  erosional 
imconformity.  He  explains  the  gneiss  of 
Hoosac  Moimtain  as  a  local  consolidation  of 

1  Pompelly,  Raphael,  The  relation  of  secular  rock  disintegration  to 
certain  trailsitional  crystalline  schists:  Qeol.  Soc.  America  Bull.,  vol.  2» 
pp.  20^-224, 1890. 
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decayed  rock  material;  according  to  V^ini  the 
consolidations  favorable  for  deep  rock  dis- 
integration are  ''  a  land  surface  exposed  during 
a  long  period  to  the  influence  of  a  moist  climate 
and  protected  by  vegetation." 

Toward  the  end  of  pre-Cambrian  time  the 
land  surface  of  the  Avondale  district  had 
reached  an  advanced  stage  of  disintegration 
similar  to  that  described  by  PumpeUy  as  con- 
sisting of  three  zones.  On  the  surface  was  a 
layer  of  kaolinized  material,  forming  a  clay; 
between  the  semikaolinized  material  and  the 
fresh  rock  was  a  zone  in  which  the  process  of 
disintegration  had  advanced  only  far  enough 
to  weaken  mineral  cohesion  by  alteration  of 
the  micaceous  or  homblendic  layers.  A  resid- 
ual soil  produced  under  such  conditions  would 
remain  in  place,  forming  a  deep  zone  that  would 
grade  insensibly  into  a  layer  in  which  disinte- 
gration had  not  been  accompanied  by  decay. 

That  compressive  stress  was  already  acting 
upon  the  Baltimore  gneiss  of  the  Pennsylvania 
Piedmont  is  shown  by  the  intrusions  of  gab- 
broitic  magma  now  found  in  the  pre-Cambrian 
gneiss;  at  the  same  time  folding  and  meta- 
morphism  were  taking  place,  thereby  giving  a 
gneissic  character  and  simulated  conformity 
to  both  igneous  and  sedimentary  formations. 
During  this  period  of  stress  the  semidisinte- 
grated  material  in  the  zone  of  weakened  cohe- 
sion, overlying  the  true  gneiss,  yielded  readily 
to  pressure  and  was  consolidated,  assuming  the 
gneissic  structure  of  the  parent  rock. 

The  transgression  which  ushered  in  the 
Cambrian  period  was  contemporaneous  with 
the  development  of  the  thrust  force  which 
metamorphosed  pre-Cambrian  rocks  into 
gneisses.  The  residual  clay  soil,  wiEished  away 
by  the  rapidly  advancing  waves,  was  deposited 
in  deep  water  far  from  the  shore;  the  coarse 
semikaolinized  material,  an  easy  prey  to 
erosion,  was  carried  to  the  sea  and  deposited 
near  the  shore,  subsequently  forming  the  con- 
glomerate that  marks  the  base  of  the  Cambrian ; 
the  removal  of  these  two  upper  zones  exposed 
the  lower  beds  of  secularly  disintegrated  rock 
that  had  been  consolidated  in  place;  and  by 
the  erosion  of  this  transitional  gneiss  material 
was  furnished  for  the  formation  that  was  later 
consolidated  and  metamorphosed  into  the 
Lower  Cambrian  mica  gneiss  of  the  Chickies 
formation. 


During  later  Cambrian  and  Ordovician  time 
the  sedimentation  of  the  Doe  Run  and  Avon- 
dale  region  was  quiet  and  continuous,  unin- 
terrupted by  any  marked  disturbance. 
Streams  working  in  the  pre-Cambrian  gneisses 
of  the  northern  and  southern  areas  were  cutting 
out  a  fine  quartzose  sand  which  was  deposited 
at  river  mouths  in  deepening  estuaries. 

Submergence  continued  without  local  uplift, 
so  far  as  the  evidence  shows,  and  deepening 
water  in  Upper  Cambrian  time  received  the 
wide  limestone  deposit  which  continued  into 
the  Ordovician  period  and  probably  extended 
over  the  whole  surface  of  the  Doe  Run  and 
Avondale  region.  A  slight  negative  move- 
ment of  the  strand  line  ensued,  and  a  load  of 
fine  mud  was  poured  into  the  clear  waters  of 
streams  that  had  been  carrying  lime  in  solu- 
tion. The  first  result  of  the  change  in  stream 
content  was  the  deposition  of  a  calcareous  shale 
upon  the  surface  of  the  limestone.  On  further 
uplift  erosion  washed  down  from  the  lowlands 
large  quantities  of  finely  divided  clayey  mate- 
rial, which  was  subsequently  consolidated  to  a 
shale  and  metamorphosed  to  the  Octoraro 
schist.  Deposition  of  Silurian  sediments  upon 
the  Ordovician  shale  seems  probable,  but  all 
positive  evidence  of  such  sedimentation  has 
been  removed  by  subsequent  erosion.  In  the 
southern  part  of  Pennsylvania  adjacent  to  the 
Piedmont  Plateau,  as  estimated  by  Stose,*  the 
total  thickness  of  the  Paleozoic  sediments  is 
20,000  feet,  and  about  4,000  feet  of  this  thick- 
ness represents  post-Martinsburg  sedimenta- 
tion; it  is  therefore  probable  that  in  the  Doe 
Run  and  Avondale  region  a  light  load  of  sedi- 
ments may  have  covered  the  Ordovician  shales. 

In  the  pre-Cambrian  sea  southeast  of  the 
Doe  Run  and  Avondale  region  the  Wissahickon 
mica  gneiss  had  been  deposited  in  the  form  of 
an  arkosic  argiUite,  which  during  the  late  pre- 
Cambrian  period  of  diastrophism  was  consoli- 
dated and  metamorphosed.  Before  the  begin- 
ning of  the  Paleozoic  era  the  Wissahickon 
gneiss  suffered  erosion  in  the  pre-Cambrian 
mountains  of  Appalachia,  and  when  the  western 
part  of  Appalachia  was  buried  beneath  Paleo- 
zoic sediments  the  gneiss  was  brought  into  the 
zone  of  anamorphism  and  was  subjected  to  the 

1  Stose,  O.  W.,  The  sedimentary  rocks  of  South  Mountain,  Pa.:  Jour. 
Geology,  vol.  14,  pp.  201-2ao,  1906:  U.  8.  CreoL  Survey  Geol.  Atlas,  Mer- 
oersburg-Chambersburg  folio  (No.  170),  1909. 
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compressive  forces  that  operated  throughout 
the  Paleozoic  era.  Through  the  whole  of  early 
Paleozoic  time  a  slowly  accumulating  earth 
stress  was  making  itself  felt  in  deeply  buried 
sediments.  The  resistant  power  of  the  Shenan- 
doah limestone,  combined  with  its  extent, 
made  it  a  competent  stratum  in  the  process  of 
folding.  According  to  C.  W.  Hayes  *  the  requi- 
sites for  great  overthrust  movements  are  a 
light  load  upon  a  competent  stratum.  The 
Shenandoah  limestone  at  first  offered  the  requi- 
site resistance  to  the  strong  thrust  force,  and 
later,  after  it  had  been  folded  into  geiltle  open 
folds,  it  gave  way  to  the  accumulating  stress 
which  thrust  the  Wissahickon  gneiss,  originally 
deposited  on  the  western  shore  of  Appalachia, 
far  over  the  surface  of  the  folded  limestone. 

From  a  study  of  the  structure  in  the  Doe  Run 
and  Avondale  region  it  seems  probable  that 
there  were  two  periods  of  folding  during  Paleozoic 
time.  It  is  an  accepted  fact  that  the  Appalachian 
Mountains  are  a  pre-Permian  range  which  is  con- 
nected, by  way  of  the  mountains  of  Newfound- 
land and  Nova  Scotia,  with  the  pre-Permian 
mountains  of  Europe — the  Armorican-Variscan 
ranges.  In  the  Piedmont  Plateau  the  effects 
of  the  pre-Permian  diastrophism  which  formed 
these  mountains  are  seen  in  the  folding  and 
faulting  of  the  Paleozoic  formations.  In  Scan- 
dinavia, Scotland,  and  Ireland  the  Armorican 
Mountains  follow  the  line  of  an  older  range — 
the  pre-Devonian  Caledonian  Mountains.  The 
pre-Cambrian  platform  in  the  Caledonides, 
according  to  Peach  and  Home,^  '*has  been 
driven  forward  xmtil  the  Archean  rocks  have 
been  carried  over  the  truncated  edges  of  the 
Silurian  strata."  In  the  Scottish  Highlands  the 
presence  of  Lower  Devonian  strata,  imaffected 
by  this  period  of  thrusting  and  faulting,  makes 
evident  the  age  of  the  movement.  In  the 
Piedmont  Plateau  there  is  a  similar  series  of 
pre-Cambrian  and  Cambrian  and  Ordovician 
rocks.  Here  also  an  overthrust  has  brought 
pre-Cambrian  gneiss  over  Paleozoic  sediments, 
but  in  the  Doe  Run  and  Avondale  region  erosion 
has  removed  the  Silurian  and  post-Silurian 
rocks,  so  that  proof  of  the  age  of  the  thrusting 
can  not  be  found  in  the  presence  of  undisturbed 
material. 

1  Hayes,  C.  W.,  The  overthrust  faults  of  the  southern  Appalachians: 
Geol.  Soc.  America  Bull.,  vol.  2,  pp.  141-154, 1891. 

s  Peach,  B.  N.,  and  Home,  J.,  Nature,  vol.  31,  p.  33,  November,  1884; 
see  also  London  Oeol.  Soc.  Quart.  Jour.,  vol.  44,  p.  378, 1888. 


In  Brazil  and  in  northwestern  Europe  there 
are  pre-Devonian  mountains  whose  formation 
was  due  to  the  same  cause — tangential  com- 
pression derived  from  suboceanic  spread.  It 
is  probable  that  this  compression  a£fected 
Appalachia,  the  great  positive  element  of  the 
eastern  Atlantic  region,  as  well  as  the  northern 
and  southern  Atlantic  regions,  though  the 
resulting  diastrophism  may  not  have  been 
exactly  contemporaneous.  Schuchert  considers 
the  Taconic  revolution  (the  pre-Silurian  period 
of  folding  and  thrusting  in  eastern  America) 
the  most  marked  disturbance  of  the  era  except 
the  Appalachian  revolution;  it  may  be  that 
the  time  of  thrusting  in  Appalachia  was  pre- 
Silurian,  instead  of  pre-Devonian,  correspond- 
ing to  the  age  of  the  Caledonides  in  northern 
Africa.  It  is  possible  that  the  thrusting  was  a 
gradual  movement  which  kept  pace  with  the 
deposition  that  probably  occurred  in  eastern 
Pennsylvania  during  Devonian  time.  By  the 
end  of  the  Carboniferous  period  a  reaccumu- 
lated  earth  stress  once  more  found  reUef  in  a 
period  of  folding  by  which  the  already  over- 
thrust gneiss  was  folded  along  with  the  under- 
lying rocks. 

To  these  Paleozoic  earth  stresses,  therefore, 
the  rocks  of  the  Doe  Run  and  Avondale  region, 
owe  their  present  complicated  and  overturned 
structure,  which  was  already  established  before 
erosion  had  carried  its  work  so  far  as  to  expose 
to  view  the  Ordovician  schist.  Upon  the 
degraded  surface  of  this  schist  later  Tertiary 
and  Quaternary  deposits  have  been  laid  down 
and  again  completely  removed  by  erosion. 

The  fact  that  these  deposits  once  extended 
over  the  whole  region  is  proved  by  the  char- 
acter of  the  underlying  drainage.  The  courses 
of  the  larger  streams  show  them  to  be  out  of  ad- 
justment to  the  underlying  formations,  and 
such  a  discordance  can  be  explained  only  as  & 
superimposition  of  drainage  inherited  from  & 
cover  of  material  that  was  sufficiently  deep  to 
establish  the  streams  firmly  in  their  present 
courses. 

CONCLUSION. 

Nowhere  in  the  Piedmont  Plateau  does  the 
Wissahickon  mica  gneiss  have  easily  inter- 
preted relations  to  other  formations.  Near 
Philadelphia  it  is  in  contact  with  the  Balti- 
more gneiss,  an  ancient  pre-Cambrian  forma- 
tion which  served  as  a  floor  for  sediments  of 
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later  age,  or  it  is  adjacent  to  younger  sedimen- 
tary material  from  which  it  is  separated  by 
faulting.  Elsewhere  in  this  paper  it  has  been 
stated  that  the  Wissahickon  mica  gneiss  and 
the  Octoraro  schist  are  in  contact  in  the  Doe 
Run  region  and  the  immediately  adjoining 
area.  The  question  of  their  age  and  of  their 
structural  relations  has  been  a  moot  point, 
not  only  because  of  the  difficulty  in  deter- 
mining the  age  of  the  Wissahickon  gneiss  but 
also  on  accoimt  of  the  ambiguous  structural 
relations  existing  between  the  mica  gneiss  and 
the  Ordovician  limestone.  In  the  Coatesville 
quadrangle  small  outcrops  of  limestone  occur- 
ring within  the  mica  gneiss  exhibit  a  relation 
which  has  a  significant  bearing  upon  the 
problem  of  the  age  of  the  mica  gneiss. 

The  age  of  the  limestone  must  be  first  deter- 
minedy  but  absence  of  fossils,  metamorphism, 
and  complicated  structural  relations  make  this 
determination  difficult.  The  limestone  may 
belong  to  the  pre-Cambrian  and  be  the  equiva- 
lent of  the  Franklin  limestone  toward  the 
east,  or  it  may  be  the  representative  of  the 
Cambrian  and  Ordovician  Shenandoah  lime- 
stone. The  limestone  of  the  Doe  Run  and 
Avondale  region  is  lithologically  dissimilar  to 
the  Franklin  limestone,  and  it  is  not  associated 
with  graphitic  gneiss,  which  usually  accompa- 
nies the  Franklin  limestone.  On  the  other 
hand,  the  limestone  of  the  Doe  Run  and  Avon- 
dale  region  bears  a  complete  lithologic  resem- 
blance to  the  Shenandoah  limestone  of  Chester 
Valley.  It  occurs  in  a  conformable  series 
with  a  quartzite  which  has  been  correlated 
with  the  Chickies  quartzite  of  the  North  Valley 
Hills.  Moreover,  the  southern  limestone 
areas  of  the  Doe  Run  and  Avondale  region  are 
in  the  direct  line  of  strike  with  the  Shenan- 
doah limestone  of  Cream  Valley,  west  of  Con- 
shohocken.  For  these  reasons  the  limestone 
of  the  region  under  discussion  is  correlated 
with  the  Shenandoah. 

The  readily  determined  relation  between  the 
Ordovician  mica  schist  and  the  great  belt  of 
Shenandoah  limestone,  which  has  been  proved 
by  fossil  content  to  be  of  Cambrian  and  Ordovi- 
cian age,  establishes  the  age  of  the  mica  schist 
as  Ordovician.*  The  conformable  contact  of 
the  schist  upon  the  limestone  is  shown  by  the 

1  MerrUl,  F.  J.  H.,  U.  8.  Oeol.  Survey  Oeoi.  Atlas,  New  York  (oUo 
(No.  83),  p.  4, 1908.  Basoom,  Florence,  Idem,  Philadelphia  folio  (No. 
162),  p.  5, 1909. 


lithologic  gradation  of  the  limestone  through  a 
calcareous  mica  schist  into  the  overlying  for- 
mation, as  seen  in  Chester  Valley  near  Coates- 
ville, and  also  by  the  constant  presence  of  a 
single  bed  of  geodiferous,  sili(^eous  material 
along  the  line  of  contact,^  thereby  proving  that 
the  contact  can  not  be  a  fault  line. 

The  fact  that  no  fossils  have  been  foimd  in 
the  Wissahickon  mica  gneiss  makes  it  necessary 
in  determining  its  age  to  rely  altogether  upon 
its  stratigraphic  relations  to  other  formations. 
In  dealing  with  the  relations  of  the  mica  gneiss 
to  the  Ordovician  Octoraro  Schist  it  must  be 
decided  whether  the  gneiss  is  of  the  same  age 
as  the  schist  and  grades  into  it,  or  whether  the 
gneiss  is  of  different  age  from  the  schist  and  is 
separated  from  it  by  a  thrust  fault.  The 
evidence  in  the  Doe  Run  and  Avondale  region 
seems  to  indicate  a  difference  in  age  notwith- 
standing a  marked  resemblance  between  the 
two  formations.  A  certain  resemblance  be- 
tween the  gneiss  and  the  schist,  both  in  the 
hand  specimen  and  in  the  field,  has  caused 
considerable  difficulty  in  distinguishing  them 
and  has  given  rise  to  the  supposition  that  the 
mica  gneiss  is  probably  of  Ordovician  age. 
On  close  examination,  however,  it  becomes 
evident  that  the  apparent  gradation  of  gneiss 
into  schist  across  the  line  of  strike  is  not 
actual.  A  detailed  study  of  the  region  has 
established  both  lithologic  and  structural 
differences,  shown  by  the  following  facts  which 
have  been  used  as  a  lithologic  basis  of  separa- 
tion between  the  two  rocks: 

1.  The  mica  gneiss  always  contains  feldspar, 
usually  in  large  amoimts;  the  mica  schist  is 
almost  free  from  feldspar. 

2.  The  gneiss  shows  close  crumpling  and 
many  fine  plications;  the  schist  is  straight 
bedded. 

3.  The  gneiss  is  gametiferous;  the  schist  is 
not. 

4.  The  gneiss  shows  evidence,  in  coarser 
crystallinity,  of  having  undergone  greater 
metamorphism  than  the  schist ;  and  the  change  in 
metamorphism  is  too  abrupt  and  well  marked 
to  be  explained  as  the  residt  of  gradual  east- 
ward increase  of  the  metamorphic  action  that 
prevailed  throughout  the  Piedmont  Plateau. 

5.  The  chemical  analysis  of  the  gneiss  shows 
the  composition  of  an  arkose  which  has  imder- 

*  Bascom,  Florence,  idem. 
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gone  injection   and  impregnation,   while  the 
schist  has  the  composition  of  an  argillite. 

6.  The  dip  of  the  gneiss  is  gentle,  about 
30°;  that  of  the  schist  averages  about  60°. 

7.  There  are  four  well-marked  joint  systems 
in  the  gneiss,  whereas  the  schist  possesses  only 
three  joint  systems. 

The  coarser  crystallinity  of  the  gneiss  and 
the  development  of  deep-seated  metamorphic 
minerals  not  found  in  the  schist,  together  with 
the  presence  in  the  gneiss  of  one  joint  system 
and  many  plications  that  are  absent  in  the 
Ordovician  material,  are  evidences  that  the 
mica  gneiss  has  been  subjected  to  the  influ- 
ence of  one  more  period  of  diastrophism  than 
the  schist  and  is  therefore  much  older  than 
Ordovician. 

As  the  Wissahickon  gneiss  must  be  older 
than  Ordovician,  let  us  examine  the  strati- 
graphic  column  in  the  Doe  Run  and  Avondale 
region  in  order  to  decide  at  what  horizon  the 
gneiss  is  most  Ukely  to  belong.  It  can  not  be 
considered  younger  than  the  hmestone — 
that  is,  underlying  the  schist  and  overlying 
the  limestone — ^because  of  the  conformity 
which  has  been  established  between  the  hme- 
stone and  the  mica  schist.  That  the  mica 
gneiss  can  not  be  included  within  the  Shenan- 
doah limestone  is  shown  by  the  prevalent  cal- 
careous nature  of  the  Shenandoah  deposits  seen 
in  the  Great  Valley  and  in  the  Piedmont  region 
of  eastern  Pennsylvania.  The  generally  con- 
ceded conformity  between  the  Lower  Cam- 
brian deposits  and  the  Shenandoah  limestone 
excludes  the  gneiss  from  a  position  between  the 
limestone  and  the  quartzite  and  proves  that 
the  Wissahickon  is  as  old  as  or  older  than  the 
Chickies  formation. 

It  therefore  remains  to  be  considered  whether 
there  is  sufiicient  evidence  to  warrant  the  in- 
clusion of  the  Wissahickon  gneiss  in  the  Paleo- 
zoic succession  by  placing  it  within  the  Lower 
Cambrian,  llie  character  of  the  Wissahickon 
and  the  absence  of  similar  rock  within  the 
Lower  Cambrian  of  other  regions  make  it  seem 
unhkely  that  a  great  thickness  of  arkosic  mate- 
rial may  be  included  within  Lower  Cambrian 
rocks,  which  elsewhere  in  the  Appalachian 
province  indicate  a  persistently  arenaceous 
sedimentation. 

It  has  been  shown  that  the  mica  gneiss  can 
not  be  younger  than  the  Shenandoah  hmestone, 
that  is,  of  Ordovician  age — ^and  also  that  it 


can  not  be  of  Cambrian  age;  hence  by  exclu- 
sion from  the  Paleozoic  succession  the  mica 
gneiss  becomes  pre-Cambrian.  Positive  evi- 
dence of  this  age  is  found  in  the  relation  which 
the  igneous  intrusives  bear  to  the  Wissahickon 
formation.  The  mica  gneiss  is  penetrated  by 
granite,  gabbro,  and  ultrabasic  intrusive  rocks 
whose  horizon  is  bounded  by  pre-Cambrian 
rocks.  These  intrusive  rocks  are  fomid  in  the 
Baltimore  gneiss  and  the  Wissahickon  mica 
gneisSf  but  are  not  found  to  a  significant  extent 
in  Paleozoic  rocks  of  known  or  questionable 
age.  The  Paleos^ic  rocks  are  therefore  sepa- 
rated from  the  Wissahickon  mica  gneiss  by  an 
imconformity  which  determines  the  pre-Cam- 
brian age  of  the  mica  gneiss. 

A  further  confirmation  of  the  pre-Cambrian 
age  of  the  Wissahickon  gneiss  is  the  fact  that 
the  formation  can  be  traced  westward  from  the 
Doe  Run  and  Avondale  region  through  south- 
eastern Pennsylvania  into  Maryland  and  thence 
into  the  District  of  Columbia  and  Virginia.  The 
formation  in  the  neighborhood  of  Washington 
which  is  hthologically  similar  to  the  mica 
gneiss  of  Doe  Run  and  Avondale  has  been  de- 
scribed by  Keith*  as  the  Carolina  gneiss  and 
determined  as  pre-Cambrian. 

The  Shenandoah  limestone  on  the  south 
side  of  the  Cabin  John  and  Buck  Ridge  anti- 
cline has  been  folded  into  a  syncline  which  is 
made  up  of  many  secondary  folds.  The  Wis- 
sahickon mica  gneiss  occupies  the  center  of 
many  of  these  synclines,  most  of  which  are  over- 
turned toward  the  northwest,  giving  the  strata 
isoclinal  dips.  In  order  to  explain  the  presence 
of  a  pre-Cambrian  gneiss  in  immediate  contact 
with  the  Cambrian  and  Ordovician  limestone 
and  the  Ordovician  schist  it  is  necessary  to 
assume  the  existence  of  a  deep  overthrust 
fault,  the  origin  and  nature  of  which  have  been 
described  and  which  has  brought  the  older  for- 
mation along  a  gentle  hade  to  he  upon  the 
younger  Paleozoic  rocks.  The  resulting  dis- 
cordance has  been  obscured  by  a  subsequent 
diastrophic  movement  that  has  folded  and 
faulted  the  thrust  plane  as  if  it  were  a  plane  of 
stratification. 

In  the  neighborhood  of  Philadelphia  Miss 
Bascom  *  has  established  two  presumably  con- 
tinuous fault  lines  along  Himtingdon  and  Cream 

1  Keith,  Arthur,  U.  8.  Geol.  Sorvey  G«ol.  Atlas,  Washington  foUo 
(No.  70),  p.  2, 1901. 

s  Basoom,  Florence.  U.  8.  Geol.  Survey  Oeol.  Atlas,  Philadelphia 
foUo  (No.  163),  p.  16, 1009. 
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valleys.  The  Cream  Valley  fault  has  brought 
up  the  Buck  Ridge  anticliue  of  pre-Cambriau 
gneiss  until  it  overlies  the  syncline  in  the  Ordo- 
vician  schist.  The  westward  continuation  of 
this  fault  Ues  along  the  contact  of  the  Wissa- 
hickon  gneiss  and  Octoraro  schist  and  extends 
directly  into  the  Doe  Run  region.  The  change 
in  dip  between  the  schist  and  the  gneiss  is 
structural  confirmation  of  the  existence  of  a 
fault  which  is  in  complete  accord,  not  only 
with  the  prevalent  type  of  Piedmont  struc- 
ture as  determined  in  the  eastern  Atlantic 
States,  but  also  with  the  structure  of  regions 
similar  to  the  Piedmont  of  the  United  States — 
for  example,  northern  Scotland  and  Scandi- 


navia, where  overthrusting  of  like  charaoter 
and  magnitude  has  been  worked  out. 

llierefore,  as  the  existing  evidence  seems  to 
indicate  a  pre-Cambrian  age  for  the  Wissi^ 
hickon  mica  gneiss,  and  as  the  structure  nec- 
essary to  explain  the  relations  of  the  gneiss  to 
the  Paleozoic  sediments  is  in  keeping  not  only 
with  the  intrinsic  structural  evidence  of  the 
formations  but  also  with  the  structure  of  regions 
similar  to  the  Piedmont  of  Pennsylvania,  it 
seems  fair  to  conclude  that  the  Wissahickon 
mica  gneiss  is  separated  from  the  Shenandoah 
limestone  and  the  Octoraro  schist  by  a  thrust 
fault  which  has  been  obscured  by  post-Ordo- 
vician  metamorphism. 


RETREAT    OF    BARRY    GLACIER,    PORT    WELLS,    PRINCE    WILLIAM 

SOUND,  ALASKA,  BETWEEN  1910  AND  1914. 


By  Bebtrand  L.  Johnson. 
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The  Barry  Glacier,  in  the  northwest  comer  National  Geographic  Society's  expedition  under 
of  Prince  William  Sound  (fig.  6) ,  was  first  de-  Lawrence  Martin  mapped  and  studied  the  front 
scribed  by  Glenn,^  Cast- 
ner,^  and  Mendenhall.' 
It  was  more  extensively 
studied  by  the  Harriman 
Alaska  expedition  ^  in 
1899;  by  Grant*  in  1905; 
by  Grant  and  EQggins* 
in  1908  and  1909;  and 
by  Martin  •  in  1910.  In 
1899  Gannett  made  the 
first  map  which  accu- 
rately delineated  the 
front  of  the  Barry  Gla- 
cier. The  front  was  re- 
mapped by  Grant  in  1905, 
by  Grant  and  Higgins  in 
1908  and  1909,  and  by 
Martin  in  1910.  Niuner- 
ous  photographs  were 
taken  in  these  years,  and 
several  of  them  were  re- 
produced in  the  reports 
cited.  Tarr  and  Martin  ^ 
simunarized  the  results  of 
the  earlier  expeditions 
and  gave  an  exhaustive 
treatment  of  the  known 
life  history  of  the  Barry 
Glacier  up  to  and  includ- 
ing 1910.  In  1899  the 
Barry  Glacier  nearly 
closed  Doran  Strait.  (See 
fig.  7.)    In  1910,  when  the 
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FxGXTRS  G.— Map  of  the  Port  Wells  district.  Prince  William  Sound,  A  laska,  showing  location  of  Barry 

Glacier. 


>  Olenn,  E.  F.,  Report  on  exploration  in  Alaska:  U.  S.  War  Dept., 
Adj.  Qen.  Office,  No.  25,  pp.  19,  21, 1899. 
iCastner,  J.  C,  idem,  pp.  189, 191. 

*  Mendenhall,  W.  C,  A  reconnaissance  from  Resurrection  Bay  to  the 
Tanana  River,  Alaska,  in  1898:  U.S.  Oeol.  Survey  Twentieth  Ann. 
Rept.,  pt.  7,  p.  325, 1900. 

«  Gannett,  Henry,  The  Harriman  Alaska  Expedition:  Nat.  Geog.  Mag. , 
col.  10,  pp. 510, 511, 1899;  Am.  Geog.  Soc.  Jour.,  vol. 31, pp. 35fr-356, 1899, 
BoTTOughs,  John,  Narrative  of  the  expedition:  Alaska,  vol.  1,  pp.  71-74. 
flarriman  AJaska  Expedition,  1902.  Gannett,  Henry,  General  geog- 
mphy:Idem,  vol.  2,  p.  263, 1902.  Gilbert,  G.  K.,  Glaciers  and  glaciation: 
idem,  vol.  3,  pp.  90-83, 176, 1904. 

*  Grant,  U.  S.,  and  Higghis,  D.  F.,  Glaciers  of  Prince  William  Sound 
and  the  southern  part  of  the  Kenai  Peninsula,  Alaska;  II,  Glaciers  of 
Port  Wells,  Prince  William  Bound:  Am.  Geog.  Soc.  BuU.,  vol.  43,  pp. 


327-^1, 334, 1911;  Coastal  glaciers  of  Prince  William  Sound  and  Kenai 
Peninsula,  Alaska:  U.S.  Geol.  Survey  Bull.  526,  pp.  33-35, 1913.  Reid, 
H.  F.,  The  variations  of  glaciers:  Jour.  Geology,  vol.  14,  pp.  406-407, 
1906;  vol.  17,  p.  671, 1909. 

•  Martin,  Lawrence,  Crossing  the  Alaskan  glaciers:  Collier's,  vol.  47, 
No.  17,  p.  20,  July  15, 1911;  The  National  Geographic  Society's  researches 
in  Alaska:  Nat.  Geog.  Mag.,  vol.  22,  pp.  550-^1,  565,  556,  557,  550, 560, 
1911;  Gletscheruntersuchungeo  Ungs  der  KOste  von  Alaska:  Petermanns 
Mitt.,  Jahrg.  58,  pp.  82, 148-149, 1912.  Reid,  H.  F.,  Les  variations  p^io- 
dlques  des  glaciers,  XVI«m  rapport,  1910— Am^rlque  du  Nord:  Zeltschr. 
Gletscherkunde,  Bd.  6,  Heft  2,  pp.  101-102,  1911;  The  variations  of 
glaciers:  Jour.  Geology,  vol.  19,  p.  458, 1911.  Tarr,  R.  S.,  and  Martin, 
Lawrence,  Alaskan  glacier  studies,  pp.  14,  317,  319-327,  34S-^49,  350, 
Nat.  Geog.  Soc.,  1914. 

7  Tarr,  R.  S.,  and  Martin,  Lawrence,  op.  cit.,  pp.  318-^27. 
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of  the  glacier,  it  had  retreated  approximately 
3  miles  from  the  position  occupied  in  1899. 

The  Barry  Glacier  was  visited  by  the  writer 
in  1913  and  again  late  in  the  fall  of  1914. 
Photographs  were  taken  in  both  years,  and 
four  of  these  photographs  are  reproduced  here 
(Pis.  V  and  VI)  for  comparison  with  two  photo- 
graphs (PI.  IV)  by  Lawrence  Martin,  showing 
the  position  of  the  ice  front  in  1910.  The  po- 
sitions of  the  glacier  front  in  1899,  1905,  1908, 
1909,  1910,  1913,  and  1914  are  shown  in  the 
accompanying  sketch  map  (fig.  7). 

The  glacier  front  in  1910  stretched  in  a 
nearly  straight  line  across  Barry  Arm  (fig.  7 


3  Miles 

3 


FiouRE  7.— Sketch  map  of  Barry,  Coxe,  and  Cascade  glaciers.  Prince 
William  Sound,  Alaska,  showing  position  of  glacier  fronts  In  1899, 
1905, 1908, 1909, 1910, 1913,  and  1914. 

and  PL  IV).  Between  1910  and  1913  the  re- 
treat  of  the  glacier  imcovered  bedrock  in  the 
western  part  of  the  glacier  front,  near  the  left 
center  of  the  view  shown  in  Plate  V,  A.  No 
rock  outcrops  are  visible  in  the  photographs 
made  in  1910  (PL  IV),  nor  does  Martin  mention 
any  exposed  bedrock  in  the  glacier  front.  As 
an  apparent  result  of  this  uncovering  of  the 
bedrock  surface  the  western  part  of  the  glacier 
front  retreated  less  rapidly  than  the  eastern 
part,  and  in  1913  a  marked  reentrant  was 
noticeable  along  the  east  side  of  the  glacier. 


On  this  side  the  Barry  Glacier  had  also  re- 
treated beyond  the  Coxe  Glacier  and  was  com- 
pletely separated  from  it  (Pis.  V,  A,  and  VI,  A). 
The  Barry  and  Cascade  glaciers  had  partly 
separated  (PL  VI,  A),  The  surface  of  the 
Barry  Glacier  at  its  outer  end  had  also  low- 
ered, increasing  the  width  of  the  bare  zones 
at  the  sides  of  the  glacier  by  an  appreciable 
amount.  The  linear  retreat  along  the  east 
side  of  the  glacier  between  1910  and  1913  is 
estimated  as  about  6,500  feet;  that  along  the 
west  side  as  about  2,500  feet.  The  average 
annual  retreat  between  1910  and  1913  was 
thus  slightly  over  2,100  feet  on  the  east  side 
but  only  a  little  over  800  feet  on  the  west  side. 
The  rate  of  retreat  on  the  west  side,  however, 
was  probably  much  greater  prior  to  the  ex- 
posure of  bedrock  in  the  glacier  front,  as  be- 
tween 1905  and  1910  the  receding  glacier 
preserved  a  nearly  straight  front  across  Barry 
Arm.  The  inference  that  the  rate  of  retreat 
on  the  west  side  rapidly  lessened  after  the  un- 
covering of  bedrock  in  that  portion  of  the 
glacier  front  is  borne  out  by  the  slight  retreat 
at  this  point  between  1913  and  1914. 

The  photographs  taken  in  the  fall  of  1914 
show  a  continued  withdrawal  of  the  glacier, 
most  rapidly  along  its  east  side,  where  the 
distance  between  the  Barry  and  Coxe  glaciers 
had  increased  conspicuously  (PL  V,  B),  The 
retreat  here  between  the  dates  in  1913  and  1914 
on  which  the  photographs  were  taken  appeared 
to  be  about  1,700  feet.  The  bedrock  in  the 
western  part, of  the  Barry  Glacier  front  was 
still  visible,  and  appeared  to  be  of  about  the 
same  height  as  in  1913  but  to  have  a  slightly 
greater  length  along  the  glacier  front.  The  ice 
at  this  point  had  apparently  retreated  but 
slightly  since  1913.  The  separation  of  the 
Cascade  and  Barry  glaciers  was  more  nearly 
complete,  and  that  part  of  the  Cascade  Glacier 
already  separated  from  the  Barry  Glacier  had 
retreated  a  short  distance  up  the  fiord  wall 
(PL  VI,  B).  The  surface  of  the  Barry  Glacier 
was  considerably  lower,  and  that  of  the  Coxe 
Glacier  had  lowered  slightly.  The  total  retreat 
of  the  Barry  Glacier  between  1910  and  1914 
appeared  to  be  about  8,200  feet  along  its 
eastern  edge  and  a  little  more  than  2,500  feet 
along  its  western  edge. 
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A.    BARRY    AND    COXE    QLACtERS,    JULY    26,    1910. 


fl.    CASCADE    GLACIER    AT    ITS    JUNCTION    WITH    BARRY    GLACIER,   JULY    25,    1910. 
Photograph  by  Lawrence  Martin.     OrlcinaUy  reproduced  in  Collier's,  vol.  47.  No.  17,  July  15,  19U. 
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A.    BARRY    AND    COXE    GLACIERS,    AUGUST    18,    1913. 
From  outwash  plain  formed  by  Barry  Glacier  in  1899.     (See  fig.  7.1     Note  outcrop  of  r 
in  front  of    Barry  Glacier  and  separation  of  Barry  and   Coxe  jlaciers.     Photograph 
B.  L  Johnson. 


R    BARRY    AND    COXE    GLACIERS,    OCTOBER    5,    1914. 

Photograph  by  B.  L.  Johr 
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.    BARRY,   COXE,   AND    CASCADE    GLACIERS,    AUGUST    15, 

Photograph  by  B.  L.  Johnson,  from  deck  of  a  launch. 


R    CASCADE  GLACIER   AT    ITS  JUNCTION   WITH    BARRY   GLACIER,   OCTOBER    5,    1914. 


EXPERIMENTS  ON  THE  EXTRACTION   OF   POTASH  FROM 

WYOMINGITE. 


By  RooEB  C.  Wells. 


INTRODUCTION. 

The  United  States  Geological  Survey  has 
now  made  a  considerable  number  of  explora- 
tions in  search  of  a  domestic  source  of  potash 
and  further  explorations  are  under  way.  In 
the  meantime  the  Survey  has  studied  the 
chemical  and  physical  characteristics  of  the 
rocks,  minerals,  and  salines  so  far  discovered, 
and  it  is  the  object  of  the  present  paper  to  de- 
scribe laboratory  experiments  made  with  the 
rock  wyomingite. 

Wyomingite,  a  lava  occurring  extensively  in 
the  Leucite  HUls  in  Sweetwater  County,  Wyo.,^ 
is  composed  largely  of  the  mineral  leucite,  a  sili- 
cate of  alumina  and  potash.  Leucite  is  far 
richer  in  potash  than  feldspar,  which  is  com- 
monly regarded  as  one  of  the  most  promising 
prospective  sources  of  potash.  Moreover,  the 
potash  in  leucite,  although  not  soluble  in  water, 
seems  to  be  more  easily  attackable  by  re- 
agents than  that  in  feldspar,  so  that  if  any 
igneous  rock  should  become  a  source  of  potash 
wyomingite  would  have  advantages  over  a 
feldspar-bearing  rock.  Data  on  the  proper- 
ties of  wyomingite  will  therefore  be  valuable. 
While  all  the  experiments  to  be  described  here 
can  not  be  considered  as  suggestions  of  com- 
mercial possibilities,  a  record  of  them  may  not 
only  be  suggestive  to  private  investigators, 
but  save  much  repetition  of  preliminary  inves- 
tigation. 

CHEMICAL  COMPOSITION  OP  WYOMINGITE. 

The  wyomingite  used  in  the  experiments  to 
be  described  has  the  following  composition: 

1  The  quantity  of  leuclte-bearing  rock  present  at  this  locality  Is  esti- 
mated at  nearly  2,000,000,000  tons,  containing  an  average  of  10  per  cent 
of  potash.   Soe  U.  8.  QeoL  Survey  Bull.  512,  p.  35, 1912. 


Compontion  of  wyomingite^ 

*  [W.  F.  Hillebrand,  analyst.] 

Silica  (SiOj) 53.  70 

Titanic  acid  (TiOj) 1. 92 

Alumina  (AljOs) 11.16 

Ferric  oxide  (FeaO,) 3. 10 

Ferrous  oxide  (FeO) 1. 21 

Magnesia  (MgO) 6.44 

Lime(CaO) 3.46 

Soda(NaaO) L  67 

Potash  (K3O) 11.16 

Water  (HjO) 3. 41 

Phosphoric  acid  {VJd^ L  75 

Sulphur  trioxide  (SO,) 06 

Fluorine  (F) 44 

Other  constituents .92 

100.40 
Specific  gravity,  2.627. 

This  rock  was  obtained  near  Fifteen-mile 
Spring,  on  the  northeast  side  of  Zirkel  Mesa. 
It  is  the  typical  dense  reddish-brown  wyoming- 
ite,  such  as  occurs  in  many  of  the  mesas  and 
hills  of  this  region. 

MINERAL  COMPOSITION  OF  WYOMINGITE. 

According  to  Cross*  this  wyomingite  really 
consists  of  the  following  minerals:  Uncom- 
bined  silica,  22.5  per  cent;  leucite,  35.7  per 
cent;  phlogopite,  22.3  per  cent;  diopside,  10.7 
per  cent;  and  accessory  minerals,  8.8  per  cent. 
The  potash  content  of  wyomingite  is  distributed 
among  leucite,  phlogopite,  and  a  glassy  base 
which  is  chiefly  uncombined  silica.  There  is 
enough  imcombined  silica  in  wyomingite  to 
have  formed  a  feldspar,  and  why  leucite  was 
formed  instead  has  not  yet  been  explained. 

>  Clarke,  F.  W.,  Analyses  of  rocks  and  minerals  from  the  laboratory  of 
the  United  States  Geological  Survey,  1880-1914:  U.  8.  Qeol.  Survey 
Bua  591,  p.  74, 1915. 

s  Cross,  Whitman,  Igneous  rocks  of  the  I^eucite  Hills  i^d  Pilot  Butte, 
Wyo.:  Am.  Jour.  8ci.,  4th  ser.,  vol.  4,  p.  133, 1897. 
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On  the  assumption  that  in  any  process  of  ex- 
traction this  silica  can  be  kept  from  combining 
with  the  potash,  the  advantage  inherent  in 
the  wyomingite  can  be  seen  at  a  glance  by  com- 
paring the  theoretical  percentage  of  potash  in 
leucite  with  that  in  orthoclase  feldspar,  leucite 
(KjO.AljO,.4Si02)  containing  21.5  per  cent  and 
orthoclase  (KjO.AljOj.GSiOj)  16.9  per  cent. 

BEHAVIOR   OF    CRUSHED   WYOMINGITE   IN 

WATER. 

As  leucite  has  a  specific  gravity  of  2.45  to 
2.50,  while  the  specific  gravities  of  phlogopite, 
diopside,  and  silica  are  2.7,  3.3,  and  2.6, 
respectively,  it  was  hoped  that  some  separation 
of  the  lighter  and  more  valuable  mineral  could 
be  made  by  a  flotation  process.  A  small 
amount  of  wyomingite  was  crushed  to  pass  an 
80-mesh  screen  and  separated  into  two  por- 
tions, one  heavier  and  one  lighter,  by  panning 
with  water.  Each  of  these  portions  was  panned 
similarly.  The  combined  lighter  portions 
weighed  0.93  gram  and  the  heavier  portions 
0.60  gram.  The  lighter  portion  was  analyzed 
with  the  following  results: 

Effect  of  panning  wy(mxng%U, 


KqC per  cent . 

Na20 do... 


Origina] 
rock. 


11.2 
1.7 


Lighter 
por- 
tion. 


12.1 
1.1 


Although  the  effect  was  not  as  great  as  de- 
sired it  is  evident  that  the  method  of  concen- 
tration used  caused  some  separation  of  the 
leucite  from  the  other  minerals.  According  to 
Cross,  wyomingite  is  a  very  fine  grained  rock, 
so  that  it  may  be  too  much  to  expect  that  a 
mechanical  method  of  concentration  will  effect 
a  complete  separation,  but  if  such  a  method 
could  be  discovered,  it  would  render  an  enor- 
mous quantity  of  mineral  having  a  high  potash 
content  available  for  chemical  treatment. 

Cold  water  attacks  leucite  somewhat,  but 
the  action  is  so  slight  that  the  fact  has  scarcely 
any  significance  unless  it  is  in  agricultural 
chemistry.  When  certain  other  salts  are  pres- 
ent in  the  water,  however,  the  action  is  some- 
what more  noticeable.  This  was  shown  by 
some  experiments  carried  out  with  wyomingite 
and  gypsum,  10  grams  of  each,  powdered,  being 


placed  in  500  cubic  centimeters  of  water. 
After  shaking  one  day  it  was  found  that  0.0035 
gram  of  E3O,  or  0.31  per  cent  of  the  total  Y^O 
in  the  rock,  had  been  extracted  by  the  solution. 
A  week  later  the  potash  in  solution  was  found 
to  be  0.61  per  cent  of  the  total  K^O  originaUy 
in  the  rock.  These  facts  are  also  of  interest  in 
relation  to  agricultural  or  soil  chemistry  and 
are  probably  to  be  explained  as  due  to  a  meta- 
thetical  reaction  by  which  a  part  of  the  cal- 
cium of  the  gypsum  in  the  solution  exchanges 
itself  for  the  potassium  in  the  leucite. 

In  order  to  see  if  this  exchange  could  be 
brought  about  to  a  greater  extent  by  grinding 
the  constituents  10  grams  each  of  wyomingite 
and  gypsum  were  ground  with  50  cubic  centi- 
meters of  water  in  an  agate  mortar  by  a  mechan- 
ical grinder  for  two  hours.  The  resulting  solu- 
tion, after  filtration,  was  f oxmd  to  contain  2  per 
cent  of  all  the  potash  (K^O)  in  soluble  form. 
This  is,  however,  only  0.22  per  cent  of  the  rock. 

An  experiment  similar  to  the  last  was  carried 
out  with  lime  in  place  of  gypsum,  resulting  in 
the  extraction  of  2.64  per  cent  of  the  potash  in 
soluble  form,  or  0.34  per  cent  of  the  rock. 

EFFECT  OF  HEATING  WYOMINGITE. 

Merely  heating  wyomingite  to  a  dull  red 
apparently  causes  very  little  change  in  it. 
After  it  is  heated  a  trace  of  its  potash  is  found 
to  be  soluble  in  water,  but  this  fact  can  have 
no  commercial  significance.  For  effective  ac- 
tion some  reagent  must  be  added.  The  follow- 
ing notes  describe  the  effect  of  heating  mixtures 
of  the  rock  and  certain  reagents: 

EXPERIMENTS   WITH   GYPSUM. 

In  addition  to  the  experiments  with  gypsum 
already  described,  the  following  were  made: 

1.  A  mixture  of  1  gram  of  wyomingite  and 
0.2  gram  of  gypsum  was  finely  ground  and  ig- 
nited \mtil  fused.  After  cooling  it  was  groimd 
and  extracted  with  water.  The  soluble  KjO 
amounted  to  1.8  per  cent  of  the  rock,  or  16.2  per 
cent  of  the  total  K^O. 

2.  A  mixture  of  1  gram  of  wyomingite,  0.22 
gram  of  gypsum,  and  0.10  gram  of  sodium 
chloride  was  finely  ground,  ignited  to  a  dull 
red,  and,  after  cooling,  extracted  with  water. 
The  soluble  KjO  amounted  to  2.5  per  cent  of 
the  rock,  or  22.4  per  cent  of  the  total  K!jO. 

In  the  light  of  these  results  gypsum  does  not 
appear  to  be  very  efficient  in  decomposing  the 
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rock,  at  least  when  used  in  the   proportions 
tried  in  these  experiments. 

EXPERIMENTS   WITH   SULPHURIC   ACID. 

1.  One  gram  of  wyomingite  was  moistened 
with  1  cubic  centimeter  of  concentrated 
sulphuric  acid  and  heated  gently  in  a  large 
platinum  crucible  for  about  an  hour  until 
fumes  came  off  freely.  The  soluble  KjO 
extracted  amounted  to  2.72  per  cent  of  the 
rock,  or  24.5  per  cent  of  the  total  KjO. 

2.  One  gram  of  wyomingite  was  ground  with 
0.22  gram  of  gypsum,  moistened  with  dilute 
sulphuric  acid  equivalent  to  0.18  gram  H2SO4, 
dried,  and  heated  to  redness.  The  soluble 
KjO  extracted  amounted  to  2.75  per  cent  of 
the  rock,  or  24.8  per  cent  of  the  total  KjO. 

EXPERIMENT   WITH   POTASSIUM   BISULPHATE. 

On  the  theory  that  the  action  of  hot  sul- 
phuric acid  on  wyomingite  produces  some 
potassium  bisulphate,  an  experiment  was 
made  with  potassium  bisulphate  itself  as  a 
reagent.  One  gram  of  wyomingite  was  finely 
ground  with  0.5  gram  of  potassium  bisulphate, 
and  the  mixture  was  brought  up  slowly  to  a 
dull-red  heat.  The  result  was  disappointing. 
Hardly  any  more  KjO  was  extracted  than  had 
been  added  in  the  reagent,  though  nearly  all 
the  NajO  of  the  wyomingite  had  been  con- 
verted into  a  soluble  form. 

This  experiment  seems  to  indicate  that  the 
rearrangement  effected  in  the  sintering  is 
governed  by  the  law  of  mass  action,  and  that 
treatment  with  a  potassium  reagent  is  not 
likely  to  be  efficient,  at  least  for  a  commercial 
process. 

EXPERIMENTS   WrTH   ALUNITE. 

Notwithstanding  the  unfavorable  result  of 
the  last  experiment  it  seemed  worth  while  to 
try  the  effect  of  heating  wyomingite  and 
alunite  together.  Alunite  is  to  be  found  com- 
paratively near  the  Leucite  Hills,  and  the  idea 
of  the  experiment  was  that  a  combination 
of  the  two  rocks  might  be  treated  in  a  single 
process  at  a  lower  cost  than  the  combined  cost 
of  treating  each  separately.  The  alunite  used 
came  from  Marysvale,  Utah,  and  was  part  of 
that  analyzed  by  W.  T.  Schaller  for  Butler 
and  Gale,*  who  described  the  deposit  in  1912. 

1  Butler,  B.  8.,  and  Oale,  H.  8.,  Alunite,  a  newly  discovered  deposit 
near  Marysrale,  Utah:  U.  S.  GeoL  Survey  Bull.  511, 1912. 


Composition  of  alunite. 
[W.  T.  Schaller,  analyst.] 

Alumina  (AlaO,) 37.18 

Ferric  oxide  (FcjO,) Trace. 

Sulphur  trioxide  (SO,) 38. 34 

Phosphoric  anhydride  (PaOj) 58 

Potaah  ( K,0 ) 10. 46 

Soda  (NaaO) 33 

Water  (HaO) 12. 99 

SiUca(SiO,) 22 

100.10 

1.  Wyomingite  (0.2  gram)  was  finely  ground 
with  0.2  gram  of  almiite.  After  being  slowly 
heated  to  a  dull  red  and  then  held  at  a  me- 
dixkia  red  for  an  hour  in  a  J.  Lawrence  Smith 
platinum  crucible  the  cooled  lump  was  ex- 
tracted with  water  and  yielded  soluble  K3O 
equivalent  to  6.15  per  cent  of  the  mixture. 
As  the  theoretical  yield  of  KjO  would  be  5  per 
cent  from  the  alimite  and  5.5  per  cent  from 
the  wyomingite,  a  total  of  10.5  per  cent,  the 
amount  actually  extracted  was  57  per  cent  of 
the  total  KjO — that  is,  the  KjO  extracted 
might  be  considered  all  that  in  the  alimite 
alone  plus  about  20  per  cent  of  that  in  the 
wyomingite.  As  there  is  a  very  large  quan- 
tity of  wyomingite  available  and  as  the  cost 
of  mining  and  crushing  would  doubtless  be 
low,  it  would  appear  that  when  alunite  is 
being  treated  the  addition  of  wyomingite 
might  pay. 

2.  The  next  experiments  consisted  in  vary- 
ing  the  proportions  of  alimite  and  wyomingite. 
By  taking  0.2  gram  of  alunite  and  0.4  gram  of 
wyomingite,  the  soluble  Kl^O  obtained  amoimted 
to  7.6  per  cent  of  the  mixture.  The  theoret- 
ical yield  of  KjO  would  be  3.5  per  cent  from 
the  alunite  and  7.4  per  cent  from  the  wyo- 
mingite, a  total  of  10.9  per  cent;  the  E^O  ex- 
tracted therefore  amounted  to  70  per  cent  of 
the  total — that  is,  all  the  potash  in  the  alimite 
was  extracted  and  55  per  cent  of  that  in  the 
wyomingite. 

3.  In  another  experiment  with  0.2  gram  of 
alunite  and  0.6  gram  of  wyomingite  the  yield 
in  soluble  K^O  was  3  per  cent  of  the  mixture. 
As  the  theoretical  yield  would  be  2.6  per  cent 
from  the  alunite  and  8.2  per  cent  from  the 
wyomingite,  or  10.8  per  cent  in  all,  the  result 
represents  only  28  per  cent  of  the  total  KjO. 
In  this  experiment  the  wyomingite  was  only 
slightly  attacked. 
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EXPERIMENT  WITH  CALCIUM   CARBONATE. 

The  well-known  method  devised  by  J.  Law- 
rence Smith  for  determining  the  alkalies  in  sili- 
cate rocks,  involving  the  use  of  calcium  car- 
bonate and  ammonium  chloride,  probably  owes 
its  success  to  the  action  of  calcium  chloride 
formed  during  the  reaction.  However  that 
may  be,  the  proportions  of  the  reagents  used 
in  this  method  are  too  great  to  be  practicable 
for  commercial  process,  and  accordingly  it 
seemed  desirable  to  make  a  few  experiments 
to  see  if  the  proportions  of  the  reagents  could  be 
reduced.  One  experiment  was  tried  out  with 
calcium  carbonate  alone,  0.3  gram  of  calcium 
carbonate  to  1  gram  of  wyomingite  being  used. 
At  the  temperature  employed,  a  duU-red  heat, 
scarcely  more  than  a  trace  of  potash  was  ren- 
dered soluble.  This  result  seemed  to  show  that 
the  chief  attack  in  the  Smith  method  is  due  to 
the  calcium  chloride,  and  accordingly  the  next 
experiments  were  made  with  calcium  chloride 
alone. 

EXPERIMENTS   WITH   CALCIUM   CHLORIDE. 

It  was  found  that  with  moderate  proportions 
of  calcium  chloride  too  high  a  heat,  say  1,000° 
C,  causes  the  mixture  to  vitrify  so  that  ex- 
traction of  the  potash  by  water  is  impractica- 
ble. The  temperature  used  was  therefore  lim- 
ited to  a  dull-red  heat.  The  calcium  chloride 
was  added  in  solution  to  finely  ground  wyoming- 
ite in  a  platinum  crucible,  and  the  mixture  was 
slowly  stirred  during  evaporation  until  the 
mass  was  dry. 

The  results  of  the  experiments  are  summa^ 
rized  below: 

Potash  rendered  »oluble  when  wyomingite  it  heated  to  a  dull 

red  inth  calcium  chloride. 


Wyoming- 
ite. 

CaCl,. 

K3O  rendered 
soluble. 

Percent- 
age of 
rock. 

Percent- 
age of 
total 
KjO. 

Gram. 

1 
1 
1 

Gram. 

0.2 

.4 

.6 

3.03 
6.44 
8.10 

27.3 
58.0 
73.0 

EXPERIMENT   WITH  MAGNESIUM   CHLORIDE. 

One  gram  of  powdered  wyomingite  was  mois- 
tened with  a  saturated  solution  of  magnesium 
chloride,  dried,  and  heated  slowly  to  dull  red- 
ness in  an  open  crucible.  On  extraction  the 
soluble  E2O  amounted  to  3.22  per  cent  of  the 
rock,  or  29  per  cent  of  the  total  K,0  in  the  rock. 

EXPERIMENT  WITH  A  BnTERN. 

When  it  was  found  that  a  part  of  the  alkalies 
in  wyomingite  is  rendered  soluble  by  heating 
with  magnesium  chloride,  an  experiment  was 
made  with  a  bittern,  such  as  is  obtained  in  the 
manufacture  of  salt  at  Great  Salt  Lake,  having 
the  composition  shown  below : 

Composition  0/  bittern  used. 


Magnesium  (Mg) 
Potanium  (K).. 
Sodium  (Na) . . . 
Sulphate  (SO4). 
Chloride  (CI).... 


Grams  per!  Percent 
liter.      '   of  salts. 


32L0 


100.00 


One  gram  of  wyomingite  was  drenched  with 
2  cubic  centimeters  of  the  bittern,  dried,  and 
heated  to  dull  redness,  with  the  following  re- 
sults: Soluble  K2O,  5.32  per  cent  of  the  dry 
mixture;  theoretical  yield  of  K,0,  2.3  per  cent 
from  the  bittern  and  6.8  per  cent  from  the  wyo- 
mingite, or  9.1  per  cent  in  all;  K,0  extracted,  58 
per  cent  of  total  K^O.  The  KjO  extracted  may 
be  considered  to  be  all  that  of  the  bittern  used 
and  44  per  cent  of  that  in  the  wyomingite. 

EXPERIMENT   WnH   AMMONIUM   SULPHATE. 

Ammonium  chloride  in  excess  and  under 
pressure  is  known  to  react  with  leucite  at  350** 
in  such  a  way  as  to  set  potassium  chloride  f ree.^ 
It  seemed  worth  while  to  try  ammonium  sul- 
phate also.  In  a  single  experiment  1  gram  of 
wyomingite  was  heated  over  night  in  a  closed 
glass  tube  at  310^  with  0.2  gram  of  ammonium 
sulphate.  The  potash  rendered  soluble  by  this 
treatment  amounted  to  0.0352  gram,  or  31.8 
per  cent  of  the  total  potash  in  the  rock. 

1  Clarke,  F.  W.,  and  Steiger,  George,  Tbo  action  of  ammonium  cblc^ 
ride  upon  silicates:  U.  8.  Oeol.  Survey  Bull.  207,  p.  16, 1902. 
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OF  THE  ALUM  BLUFF  FORMATION. 


By  Edward  Wilber  Berry. 


INTRODUCTION. 

The  present  paper  has  for  its  purpose  the 
description  of  a  small  flora  collected  from  the 
Alum  Bluflf  formation,  representing  a  horizon 
hitherto  unrepresented  paleobotanically  in 
southeastern  North  America,  and  the  discus- 
sion of  the  bearing  of  this  flora  on  the  physical 
conditions  of  deposition  and  the  probable  age 
of  the  deposits. 

GEOLOGY  OF  THE  DEPOSITS. 

The  Alum  BlufP  formation  was  named  from 
the  bluff  of  that  name  on  the  east  bank  of  the 
Apalachicola  River,  about  25  miles  below  Chat- 
tahoochee or  River  Junction,  in  Liberty  Coimty, 
Fla.^  (See  PI.  VII,  B,  p.  56.)  It  is,  according 
to  present  knowledge,  the  uppermost  formation 
of  the  Apalachicola  group.  It  comprises  three 
members,  which,  named  in  ascending  order,  are 
the  Chipola  marl  member,  the  Oak  Grove  sand 
member,  and  the  Shoal  River  marl  member. 

The  Chipola  marl,  which  is  a  thin  yellowish 
day  marl  at  the  base  of  the  formation  as  defined 
by  Matson  and  Clapp,  carries  a  very  extensive 
and  well-preserved  marine  fauna.  It  was 
named  from  Chipola  River,  in  Calhoim  County, 
Ma.  The  Oak  Grove  sand,  stratigraphically 
intermediate  between  the  Chipola  and  Shoal 
River,  is  a  thin,  highly  fossiliferous  gray  or 
greenish  fine  sand  named  from  Oak  Grove,  on 
Yellow  River,  and  not  represented  by  a  litho- 
logic  unit  at  Alum  Bluff.  The  Shoal  River 
marl,  the  highest  known  fossiliferous  member 

1  The  geology  of  this  region  is  fully  discussed  in  the  following  puhlica- 
tions: 

Matson,  G.  C,  and  Clapp,  F.  Q.,  A  prelim tnary  report  on  the  geology  of 
Florida:  Florida  Gedl.  Survey  Second  Ann.  Kept.,  pp.  21-173, 1909. 

Vaughan,  T.  W.,  A  contribution  to  the  geologic  history  of  the  Floridian 
Plateau:  Carnegie  Inst.  Washington  Pub.  133,  pp.  9^185, 1910;  see  abo 
U.  8.  QeoL  Buirey  Prof.  Paper  71,  pp.  741-745, 1912. 


of  the  formation,  is  a  thin  series  of  interbedded 
greenish  sands  and  marls  overlying  the  Oak 
Grove  sand.  It  was  named  from  Shoal  River, 
in  western  Florida,  and  is  not  represented  by  a 
lithologic  unit  at  Alum  Bluff. 

The  following  section  was  taken  at  the  point 
where  the  fossil  plants  were  collected,  near  the 
lower  end  of  the  bluff  and  in  the  immediate 
vicinity  of  the  section  measured  by  Dall.'  It  is 
deemed  worthy  of  reproduction  because  it 
differs  in  certain  particulars  from  DalPs  sec- 
tion. Still  other  sections  from  different  parts 
of  the  bluff  are  given  by  Sellards  and  Gunter.' 

Section  at  Alum  Bluff,  Fla. 

Pleistocene  ( ?) :  Feet. 

Light-colored  ferruginous,  rather  loose  sands.      9 

Hard  reddish  clay 2 

Variegated  reddish  and  yellowish  ferruginous 

sands 65 

Miocene: 

Ghoctawhatchee  marl: 

Dark-gray  pyritiferousclay,  more  or  less  carbo- 
naceous but  scarcely  meriting  the  term  llg- 
nitic  given  to  it  by  Langdon,  as  no  lignite 
or  plant  fossils  were  observed  in  it.  Traces 
of  invertebrate  fossils,  for  the  most  part  un- 
determinable,  were  observed  in  places. 
The  pyritiferous  character  of  the  clay  gives 
it  an  alum-like  taste,  which  accounts  for  the 
name  of  the  bluff.  Approximate  thickness.  25 
Bluish  (when  unweathered)  fossiliferous  clay 
marl  of  irregular  thickness,  carrying  Muli- 
nia  cong€8ta,  Ecphora  quadricostataf  Turri- 
tella  variabilUf  and  other  species;  much  oxi- 
dized in  its  upper  portion,  in  which  the  fos- 
sils are  represented  by  poor  casts,  owing  to 

the  solution  of  the  shell  substance 15-30 

Erosion  unconformity. 

>  Ball,  W.  H.,  and  Stanley-Brown,  J.,  Cenotoic  geology  along  the 
Apalachicola  River:  Geol.  Soc.  America  Bull.,  vol.  6,  p.  157, 1804 

s  Sellards,  E.  H.,  and  Qnnter,  Hennan,  Florida  Oeol.  Survey  Second 
Ann.  Kept.,  pp.  275,  276, 1000. 
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Oligocme: 

Alum  Bluff  fOnnation:  Fwt. 

CroM-bedded  lamiiMted  saadn  with  cUy  lun- 
imt  and  thin  dLHtart«d  cUy  lenses  of  anull 
extent.  The  aauds  are  locally  thicker 
bedded  and  argillaceous,  especially  in  the 
upper  part,  where  they  are  in  places  packed 
with  the  distorted  detached  ra>-Bof  aSabal- 
Uke  palm.  In  the  lower  part  they  are  mere 
evenly  bedded  and  lem  atgillaceoua,  being 
campoMdnargsly  ol  asomewhat  coarser  gray 
iron-stained  sand  with  vegetable  malt«r 
aggregated  in  definite  but  not  everywhere 
horiEontal  layera.  Here  and  there  are  thin 
iron  ctubIs,  and  tome  of  the  more  argilla- 
ceous lamina  are  bluish  in  color.  Leaf  im- 
pressioDS  are  much  more  abundant  and 
varied  in  these  lower  Uyera.  The  thick- 
neM  is  variable,  the  maximum  observed 
being  about 10 

Gray  calcareous  compact  manive,  in  places 
slightly  phosphatic  sand,  somewhat  fos- 
siliferous;  thickness  about 12 

Chipola  marl  member:  Compact  ferruginous, 
abundantly  fasdl  iferous  argillaceous  sand 
canying  Orthaulax  and  other  characteris- 
tic Oligocene  in^-eitebtatee;  thickneaa 
exposed a-l 


most  Oligocene  or  basal  Miocene  flora,  prac- 
tically the  only  one  known  in  North  America. 
In  Forrest  County,  Miss.,  in  beds  included 
by  L.  C.  Johnson  in  the  Hattiesburg  clay  (see 
PI.  vii.  A,  p.  56),  I  discovered  in  the  atmimer  of 
1910  a  small  flora  that  appears  to  be  synchro- 
nous with  that  at  Alum  Bluff.  The  exact  lo- 
cality is  on  the  south  side  of  the  New  Orleans, 
Mobile  &  Chicago  Railroad,  1  mile  east  of  Rag- 
lan, and  the  outcrop  shows  the  following  section 
(see  also  fig.  8) : 

Section  mar  Aooltm,  Uita. 

tttt. 

1.  Compact  reddish  argillaceous  sand 0-12 

2.  Light  sandy  clay 1-2 

3.  Compact  ai^illaceous  lignite  or  brown  lignitic 

clay 2 

Unconformity  (local?). 

4.  Yellowish  or  gtay  argillaceous  fine  sand  or  ^mdy 

clay,  grading  into  underlying  beds 10 

5.  Similar  materials  of  greenish  color,  weathering 

yellowish,  irregularly  bedded  and  canying 
large  numbers  of  poorly  preserved  plant  re- 
mains, mostly  palm  rays;  grades  into  under- 
lytngbeds;  thickness  about 1 

6.  YeUowiahorgreenishmuch-jointedBandyclay..         6 


Plocu  1^— SmUib  tl  HatUtsburt:  phy  nnr  Bartaa,  Wio.    : 

Alum  Bluff  is  a  most  interesting  spot  to  the 
phy^ographer,  because  of  the  striking  contrast 
in  topography  between  the  east  and  west  banks 
of  the  river;  to  the  geologist,  because  it  is  a 
classic  locality  for  the  so-called  Old  Miocene 
and  represents  also  the  oldest  known  southern 
outcrop  of  the  Chesapeake  Miocene;  and  to 
the  botanist ,  because  in  the  wooded  and  damp 
ravines  along  the  bluff  are  to  be  fotmd  two 
isolated  gymnosperms.  both  relics  of  bygone 
floras,  Tojnts  jtoridana  Xuttall  and  Tumion 
UuiMium  (Amott^  Greene.  Alum  Bluff  is  of 
particular  interest  to  the  pale^tlnit&nist.  be- 
cause it  ftimishcs  a  representati<.ut  of  an  upper- 


I  The  plants  in  the  sands  at  both  the  localities 
mentioned  above  are  few  and  very  friable. 
I  CoUections  could  not  be  made  in  the  usual  way, 
I  and  as  my  improvised  method  proved  very 
I  satisfactory  it  is  worth  describing.  A  smaQ 
i  excavation  in  the  loose,  slumped  sand  was 
I  lined  with  a  large  piece  of  biu'lap.  This  was 
I  partly  filled  with  plaster.  While  the  plaster 
j  was  still  soft  the  sandy  specimen  was  placed 
■  in  it.  the  face  of  the  specimen  being  left  about 
'  on  the  level  of  the  plaster.  After  the  plaster 
\  had  set  the  face  was  thickly  covered  with  cot- 
I  ton.  over  which  the  free  ends  of  the  buriap 
i  were  wrapped  and  tied  firmly.    Every  speci* 
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men  treated  in  this  way,  some  of  which  were 
10  inches  in  diameter,  survived  the  rough 
handling  on  the  river  boat  and  the  freight 
transportation  to  Baltimore. 

Fossil  plants  from  Alum  Blufif  have  been 
mentioned  by  Langdon,^  Foerste,*  and  Dall.^ 
A  few  fragments  of  Sabalites  were  collected 
by  Dall,  but  no  systematic  collections  were 
made  until  I  visited  this  outcrop  in  1910  in 
company  with  E.  H.  Sellards,  State  geologist 
of  Florida. 

CHARACTER  OF  THE  FLORA. 

The  flora  is  limited  to  13  described  species, 
although  fragments  of  other  species  are  present, 
and  I  observed  but  did  not  succeed  in  collecting 
a  palmately  veined  Ficus,  leaves  of  Gyminda 
or  Xanthoxylum,  and  pods  resembling  those  of 
the  existing  Gleditsia  aqiuUica  Marsh. 

The  determined  species  comprise  a  spot  fun- 
gus (Pestalozzites),  a  very  abundant  fan  palm 
(Sabalites),  and  11  species  of  dicotyledons,  in- 
cluding an  elm,  breadfruit,  buckthorn,  cam- 
phor, satinwood,  ironwood,  and  persimmon. 
There  are  1 1  genera  in  9  f amihes  and  8  orders. 
These  f  amihes  are  the  elm  (Uhnaceae),  mulberry 
(MoracesB),  pisonia  (Nyctaginacese),  senna 
(Csesalpiniaceee),  rue  (Rutacese),  buckthorn 
(Rhamnacese),  laurel  (Lauraceae),  sapodilla 
(Sapotacese),  and  ebony  (Ebenacese).  The 
f amihes  Lauracese  and  Sapotaceae  are  each  rep- 
resented by  two  species;  the  remaining  seven 
families  have  each  a  single  species.  By  far 
the  most  abundant  form  is  the  palm,  broken 
stipes  and  detached  rays  of  which  are  thickly 
crowded  in  the  sands  in  places.  Four  of  the 
plants  are  ordinarily  considered  strictly  tropi- 
cal— the  breadfruit  (Artocarpus),  brasiletto 
(Csesalpinia),  Nectandra,  and  satinwood  (Fa- 
gara).  The  genera  Pisonia  and  Cinnamomum 
are  commonly  considered  tropical,  but  Pisonia 
reaches  the  keys  of  southern  Florida  m  the  ex- 
isting flora  and  the  camphor  tree  (Cinnamo- 
mum) ranges  northward  to  southern  Japan  and 
to  the  rain  forests  of  southwestern  China, 
while  Cinnamomum  camphora  Linn6  is  hardy 
in  ctdtivation  around  Tallahassee,  Fla.,  and  is 

1  Langdon,  D.  W.,  Some  Florida  Miocene:  Am.  Jour.  Soi.,3d  ser.,  vol. 
38,  p.  322, 1889;  Geology  of  the  Coastal  Plain  of  Alabama,  p.  373, 1894, 

*  Foerste,  A.  F.,  Studies  on  the  Chipola  Miocene  of  Bainbridge,  Ga.. 
and  of  Alum  Bluff,  Fla.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  46,  pp.  244-254, 1893; 
Fossil  pabnettos  bi  Florida:  Bot.  Gaz.,  vol.  19,  p.  37, 1894. 

'  Dall,  W.  H.,  and  Stanley-Brown,  Joseph,  Cenozoic  geology  along  the 
Apalachlcola  River:  Geol.  Soc.  America  Bull.,  vol.  5,  pp.  147-170, 1?^. 
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not  uncommon  as  an  escape  from  cultivation 
in  woods  and  thickets  throughout  peninsular 
Florida,  being  freely  seeded  by  birds.  In  fact, 
soil,  humidity,  and  the  length  of  the  growing 
season  seem  to  govern  the  extension  of  the 
tropical  flora  into  the  temperate  zones  to  a 
much  greater  extent  than  actual  extreme  tem- 
peratures, the  existing  floras  of  both  south- 
eastern Asia  and  southeastern  North  America 
showing  many  parallel  examples  of  such  ex- 
tensions. 

The  Sabalites  is  represented  in  the  existing 
flora  by  the  genus  Sabal  Adanson,  which  is  now 
confined  to  America.  It  consists  of  eight 
coastal  or  stream-border  shrubs  and  trees,  five 
of  which  are  confined  to  the  West  Indies, 
Mexico,  and  Venezuela;  one  is  confined  to 
peninsular  Florida,  and  two  range  northward 
along  the  Atlantic  coast  to  the  Carolinas. 

The  large  mass  of  frayed  and  tangled  rays 
and  stipes  of  Sabalites  in  a  matrix  of  sandy 
alluvium  both  at  Raglan,  Miss.,  and  Alum 
Bluff,  Fla.,  suggest  that  at  the  time  these  de- 
posits were  laid  down  the  shores  were  low  and 
were  densely  clothed  with  palmetto  ** swamps" 
or  brakes. 

The  genus  Ulmus,  although  it  has  tropical 
aUies,  is  in  the  existing  flora  a  strictly  north- 
temperate  form  having  about  16  widely  dis- 
tributed species. 

The  family  Rhamnacese  is  mostly  tropical, 
but  several  of  the  genera  extend  into  the  Tem- 
perate Zone,  and  Rhamnus,  in  particular,  is 
mostly  extratropical  in  the  North  Temperate 
Zone.  There  are  about  75  existing  species,  and 
of  the  dozen  North  American  forms  several 
range  northward  to  Canada  and  British  America 
and  only  1  ranges  as  far  south  as  Florida. 

The  genus  Bumelia  has  about  a  score  or 
more  of  existing  species,  ranging  from  Brazil 
northward  through  Central  America  and  the 
West  Indies  to  the  United  States,  where  two 
species  are  found  as  far  north  as  Virginia  and 
Illinois. 

The  genus  Diospyros  belongs  to  a  large 
family  that  is  mostly  tropical  in  its  distribution. 
Of  the  more  than  200  existing  species  our 
common  Diospyros  virginiana  Linn6  is  found 
as  far  north  as  southern  New  York  and  New 
England.  The  genus  is  represented  in  south- 
ern Europe,  and  there  are  several  species  in 
eastern  Asia.     Moreover,  of  the  100  or  more 
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fossil  species  that  have  been  described  many 
occur  in  associations  that  are  obviously  tem- 
perate in  character. 

To  smnmarize  the  climatic  conditions  indi- 
cated by  the  flora,  they  are  those  of  a  tropical 
flora  becoming  replaced  by  a  temperate  flora, 
namely,  subtropical  or  very  warm  temperate. 
These  conditions  are  obviously  different  from 
those  indicated  by  the  Chipola  marine  fauna, 
which  comprises  over  400  known  species,  mostly 
MoUusca,  and  indicates  a  shallow  sea  (maximum 
depth  not  over  20  fathoms)  and,  according  to 
Vaughan,*  strictly  tropical  temperatures — that 
is,  the  bottom  temperature  of  the  water  did 
not  go  below  70**  F.  during  the  year. 

As  has  already  been  indicated,  the  flora  em- 
braces a  number  of  tropical  types  which,  as  is 
shown  by  the  existing  flora,  are  legitimately  to 
be  expected  to  extend  more  or  less  beyond  the 
equatorial  belt  in  areas  where  rainfall  is  abun- 
dant and  where  extremes  of  low  temperature 
are  absent.  Associated  with  these  are  forms 
like  Ulmus,  whose  modem  representatives  are 
prevailingly  north  temperate  but  some  of  which 
extend  into  boreal  regions.  Still  other  of  the 
Alum  Bluff  forms,  the  Rhamnus,  Bumelia,  and 
Diosp3Tos,  represent  families  which  are  mainly 
tropical  in  the  existing  flora  but  which  as  repre- 
sented by  these  genera  have  extended  over  large 
areas  of  the  warmer  parts  of  the  Temperate  Zone. 

It  seems  to  me  that  among  existing  plant 
assemblages  the  Alum  Bluff  flora  represents 
three  types  of  plant  associations.  One  corre- 
sponds in  a  general  way  to  the  ^'low  hammock" 
of  present-day  peninsular  Florida,  a  type  inter- 
mediate between  the  true  hammock  and  the 
swamp  type.  A  second  plant  assemblage  indi- 
cated is  that  of  the  low-lying  semiswamp  pal- 
metto-brake type,  along  with  some  forms  of  the 
sandy  strand,  such  as  Pisonia,  Csesalpinia,  and 
Fagara.  In  other  words,  this  flora  would  find 
a  congenial  habitat  at  the  present  time  in  the 
delta  of  Apalachicola  River  or  almost  any- 
where along  the  coast  of  peninsular  Florida. 
Although  so  much  less  extensive,  the  Alum 
Bluff  flora  is  somewhat  less  tropical  in  its  f  acies 
than  the  flora  of  the  Wilcox  group  and  decid- 
edly less  tropical  than  the  floras  of  the  Clai- 
borne, Jackson,  Vicksburg,  or  Catahoula.  On 
the  other  hand,  it  has  not  nearly  the  temperate 
facies  of  the  flora  of  the  overlying  Chesapeake 

tVaugban.  T.  W.,  Carnegie  Inst.  Washington  Pub.  133,  p.  156,  1910. 


Miocene  and  also  indicates  much  more  humid 
conditions  than  the  latter.  This  statement  is 
based  on  the  flora  of  the  Calvert  and  a  consid- 
eration  of  the  abundant  marine  faunas  of  the 
Calvert,  St.  Marys,  Yorktown,  Duplin,  Choo- 
tawhatchee,  and  Jacksonville  formations. 

The  Alum  Bluff  flora  may  be  considered  to 
be  the  result  of  a  reversal  of  the  history  of  the 
present  flora  of  peninsular  Florida.  That  is  to 
say,  the  present  flora  represents  primarily  a 
temperate  flora  receiving  additions  from  the 
Tropics,  whereas  the  Alum  Bluff  flora  repre- 
sents an  endemic  tropical  flora  gradually  becom- 
ing invaded  by  members  of  a  temperate  flora 
as  a  result  of  changing  climatic  conditions. 

AGE  OF  THE  FLORA. 

The  stratigraphic  relations  clearly  indicate 
that  the  Alimi  Bluff  flora  is  younger  than  the 
Vicksburg  Oligocene  and  older  than  the  Chesa- 
peake Miocene.  The  f aimal  and  floral  evidence 
is  equally  conclusive.  Not  a  single  Alum  Bluff 
plant  is  common  to  the  Oligocene  (Vicksbuig 
and  Catahoula)  floras  of  Mississippi,  Louisiana, 
and  Texas  nor  to  the  Chesapeake  Miocene  floras, 
which  are,  however,  smaller  than  those  from  the 
Oligocene.  Moreover,  the  facies  of  the  Alum 
Bluff  flora  is  decidedly  different  from  that  of  the 
floras  of  any  of  these  horizons.  There  are  no 
western  United  States  or  West  Indian  fossil 
floras  for  comparison,  so  that  it  remains  to  con- 
sider the  probable  European  equivalents  of  the 
Alum  Bluff. 

As  the  Alimi  Bluff  flora  is  obviously  yoimger 
than  the  abundant  European  floras  of  the  San- 
noisian  (Lattorfian,  Tongrian)  and  Stampian 
(Rupelian)  and  older  than  the  exceedingly  rich 
floras  of  the  Helvetian  and  Tortonian  (Vindo- 
bonian),  the  only  stages  remaining  are  the  Chat- 
tian  (Kasselian),  Aquitanian,  and  Burdigalian 
(Langhian,  Mayencian). 

The  Chattian  (Fuchs,  1894)  is  the  lower 
Aquitanian  of  Mimier  Chalmas  and  De  Lappa- 
rent  (1893).  It  is  considered  the  equivalent  of 
the  Kasselian  and  in  the  Paris  Basin  is  repre- 
sented, according  to  Lemoine,  by  the  meulidres 
de  Montmorency.  According  to  Haug  its  in- 
vertebrate fauna  is  distinguished  by  the  absence 
of  Miocene  types. 

The  Aquitanian  (Mayer,  1857)  now  has  the 
narrow  limits  assigned  by  Dollfus  (1906-7).  It 
marks  the  maximum  regression  of  the  Oligocene 
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sea  due  to  the  elevation  of  the  Pyrenees  and  the 
beginning  of  Alpine  orogenesis.  Marine  waters 
invaded  the  mai^inal  coasts  in  Aquitaine,  the 
Gironde,  and  Provence,  in  southern  Spain,  in 
Italy,  and  at  various  points  on  the  south  side 
of  the  eastern  Alps;  but  the  great  bulk  of  the 
Aquitanian  sediments  are  those  of  lakes, 
swamps,  and  lagoons,  with  lignites  and  abun- 
dant and  widespread  mammals  and  plants. 
In  Aquitaine  the  Tongrian  is  said  to  grade 
imperceptibly  into  the  Aquitanian  both  litho- 
logically  and  faunally,  and  the  latter  passes 
into  the  Burdigalian  in  the  same  gradual  man- 
ner. The  floras  of  the  Aquitanian  are  like- 
wise transitional  in  character  between  Oligo- 
cene  and  Miocene.  The  marine  faunas,  how- 
ever, are  said  by  Haug  to  contain  only  4  per 
cent  of  Oligocene  species  and  many  Miocene 
species,  but  the  foraminiferal  genus  Lepido- 
cydina  passes  without  modification  from  the 
Chattian  into  the  Aquitanian.  The  Aqui- 
tanian has  long  been  considered  the  uppermost 
stage  of  the  Ohgocene,  although  many  paleon- 
tologists have  pointed  out  the  resemblances 
between  the  upper  Aquitanian  floras  and 
faimas  and  those  of  the  Burdigalian.  In  recent 
years,  under  the  leadership  of  Dollfus  and  other 
French  students,  the  Aquitanian  has  been  made 
the  basal  stage  of  the  Miocene,  although  the 
question  of  its  reference  to  the  Oligocene  or 
Miocene  is  vigorously  disputed. 

The  BurdigaUan  (Depfiret,  1892)  is  closely 
related  to  the  Aquitanian  both  faunally  and 
floraUy.  The  marine  faimas  as  well  as  the  ter- 
restrial floras  are  said  to  indicate  a  slight 
lowering  of  temperatures  since  Aquitanian 
time.  Tectonic  changes  had  caused  the  dis- 
appearance of  the  broad  lakes  of  the  Aqui- 
tanian, and  the  Burdigalian  materials  comprise 
marine  sediments  on  the  southern  and  west- 
em  borders  of  the  continent  and  a  series  of 
river,  flood-plain,  and  swamp  deposits  (brown 
coal)  in  the  region  extending  from  France  to 
Bohemia. 

It  can  not  be  said  that  the  Alum  Bluff  flora 
offers  conclusive  evidence  for  detailed  correla- 
tion, as  it  is  too  small.  All  but  two  of  the 
species  are  new  and  offer  only  indirect  evi- 
dence. Of  these  new  species  the  Ulmus  is 
very  similar  to  Ulmus  longifolia  Unger,  of  the 
Aquitanian  of  Bohemia,  Germany,  Styria, 
and  France,  and  the  Sapotacites  is  most 
Hke  Sapot<icit€8  (ChrysophyUum)  sagorianurriy 
from  the  Aquitanian   of  Sagor,   in  Camiola, 


described  by  Ettingshausen.  The  two  species 
with  an  outside  distribution,  Oinnamamum 
scheuchzeri  and  Diospyros  hrachysepala,  have 
both  been  identified  in  beds  from  a  great  va- 
riety of  horizons  in  Europe.  Although  many 
of  these  identifications  are  of  doubtful  value, 
both  species  had  a  wide  range,  geographic  as 
well  as  geologic.  The  original  descriptions  of 
both,  by  Alexander  Braun,  were  based  on 
material  from  the  Tortonian  of  Oeningen  in 
Baden.  The  two  species  are  typically  Oligocene 
Miocene  forms  and  both  are  common  and  char- 
acteristic in  the  Aquitanian  and  Burdigalian  of 
Europe. 

It  is  thus  apparent  that  the  Alimi  Bluff  flora 
can  be  considered  either  Aquitanian  or  Burdi- 
galian, with  a  shght  preponderance  of  the  evi- 
dence in  favor  of  the  Aquitanian.  Maury  *  on 
the  evidence  of  the  moUuscan  fauna  correlated 
the  Chipola  marl  with  the  Aquitanian  and  con- 
sidered the  Oak  Grove  faima,  as  well  as  that 
of  the  sands  at  Alum  Bluff  above  the  Chipola, 
as  '' transitional''  between  Aquitanian  and 
Miocene.  If  subsequent  paleozoologic  studies 
corroborate  Maury's  work,  there  will  be  sub- 
stantial agreement  between  the  floral  and 
f  aunal  evidence. 

If  the  Alum  Bluff  formation  is  of  Aqui- 
tanian or  BurdigaUan  age — and  one  or  the 
other  alternative  seems  certain — the  more  or 
less  academic  question  is  raised  whether  it 
shall  be  classed  as  OUgocene  or  Miocene. 

Since  the  proposal  of  the  term  Ohgocene  by 
Beyrich  in  1854  many  have  questioned  its 
utiUty  or  ultimate  survival.  Certainly  there  is 
but  slight  structural  (diastrophic)  evidence  for 
placing  the  OUgocene-Miocene  boundary  in 
Europe  between  the  Aquitanian  and  Burdi- 
gaUan, and  the  marine  faunas  as  well  as  the 
terrestrial  floras  and  faunas  show  a  gradual 
transition  from  the  one  stage  to  the  other,  so 
that  the  French  paleontologists  will  probably 
be  followed  in  their  contention  that  the  Aqui- 
tanian should  be  placed  in  the  Miocene. 

In  considering  the  American  appUcation  of 
the  term  OUgocene,  it  may  be  noted  that  there 
appears  to  have  been  continuous  and  uninter- 
rupted sedimentation  in  the  Florida  area  from 
the  deposition  of  the  underlying  Chattahoochee 
formation  into  Alum  Bluff  time.  There  also 
seems  to  have  been  a  succession  of  minor  earth 
movements  during  this  period,  and  there  was 
a  greater  influx  of  terrigenous  materials  into 

1  Maury,  C.  O.,  Bull.  Am.  Paleontolof^y  No.  15, 1902. 
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the  Alum  Bluff  sea  than  into  the  Chattahoochee 
sea,  a  change  in  sedimentary  character  more 
probably  due  to  an  inland  rise  of  the  land 
which  accelerated  erosion  than  to  the  shal- 
lowing of  the  sea. 

It  seems  obvious  that  the  Alum  Bluff  formsr- 
tion  as  a  whole  is  a  predominantly  shallow- 
water  deposit  of  clays  and  sands  and  that  the 
Chipola,  Oak  Grove,  and  Shoal  River  members 
are  faimal  zones  contained  in  successive  lentic- 
ular beds  in  the  clays  or  sands.  The  f  aunules 
of  these  zones  are  closely  related  but  show, 
according  to  Dall,*  certain  elements  of  tran- 
sition in  the  Oak  Grove  sand  from  the  tropical 
Chipola  faima  to  one  indicating  a  slight  lower- 
ing of  the  temperature. 

There  is  thus  no  structural  (diastrophic)  evi- 
dence for  drawing  the  Ohgocene-Miocene 
boundary  between  the  Chattahoochee  and 
Alum  Bluff  formations,  nor  is  there  any  floral 
or  faunal  evidence  for  such  a  boundary. 
There  is  such  a  break  between  the  Vicksburg 
and  Apalacliicola  groups,  and  the  Alum  Bluff 
is  separated  by  an  erosion  unconformity  from 
the  overlying  Choctawhatchee  Miocene.  It 
rests  with  invertebrate  paleontology  to  deter- 
mine whether  or  not  the  whole  of  the  Apa- 
lachicola  group  shall  be  considered  Miocene. 
Whatever  may  be  the  final  verdict,  it  remains 
true  that  the  flora  preserved  at  Alum  Bluff  re- 
cords the  last  phase  of  sedimentation  before 
the  area  emerged  from  the  sea  and  that  the 
most  profound  break  in  Tertiary  sedimentation 
in  the  southeastern  United  States,  emphasized 
equally  by  epeirogenic,  faunal,  and  floral 
changes,  was  at  the  end  of  Apalachicola  time — 
that  is,  it  is  represented  by  the  unconformity 
at  the  top  of  the  Alum  Bluff  formation. 

SYSTEMATIC  ACCOUNT  OF  THE  FLORA. 

CUS8  FXJNOI. 

Order  MELANCONIALES. 

FamUy  MSLAKCONIACEiE. 

Qenus  PESTALOZZTTSS  Berry. 

Pestalozzites  sabalana  Berry,  n.  sp. 

Plate  VIII,  figure  3;  Plate  IX,  figure  9. 

Essential  characters  unknown.  Found  in- 
festing the  leaves  of  Sabalites  apalachicolensis 
Berry  in  considerable  abundance  and  caiising 

1  Pall,  W.  H.,  Contributions  to  the  Tertiary  fauna  of  Florida:  Wag- 
ner Free  lust.  S<'i.  Trans.,  vol.  3,  pt.  2,  pp.  1574-1575, 1903. 


the  formation  of  leaf  spots.  These  spots  are  of 
definite  form  and  regular  outline,  small  and 
circular  at  first,  becoming  larger  with  age  and 
elongated  parallel  to  the  long  axis  of  the  ray, 
thus  becoming  elliptical  or  lenticular  in  outline. 
Maximum  size  observed,  1.5  centimeters  in 
length  and  0.5  centimeter  in  width.  Average 
size,  about  6  by  2  millimeters.  The  appearance 
of  the  infested  leaves  is  well  illustrated  in  the 
figures,  and  they  are  scarcely  to  be  distinguished 
from  numerous  leaves  of  the  existing  scrub 
palmettos,  as  for  example,  Serenoa  serrvlata 
(Michaux)  Hooker,  infested  with  the  existing 
leaf-spot  fungus  Pestalozzia  sp. 

Occurrence:  Hattiesburg  clay,  Raglan,  For- 
rest County,  Miss.;  collected  by  E.  W.  Berry. 
Alum  Bluff  formation,  Alum  Bluff,  Liberty 
County,  Fla.;  collected  by  E.  W.  Berry. 

Collections:  United  States  National  Museimi, 

Class  ANGIOSPEBMiB. 

SubcUss  MOKOCOTTLEDONJE. 

Order  ABECALSS. 

FamUy  PALMACEJE. 

Genus  SABALITES  Saporta. 

Sabalites  apalachicolensls  Berry,  n.  sp. 

Plate  VIII,  figures  1-6;  Plate  IX,  figure  9. 

Leaves  of  variable  size,  the  maximum  diam* 
eter  estimated  (from  collected  material)  at 
about  120  centimeters.  Rachis  large,  linear, 
not  enlarged  at  the  base  of  the  leaf,  lenticular 
in  cross  section,  with  straight  unarmed  edges, 
continued  for  a  short  distance  on  the  lower  side 
of  the  loaf  as  a  rapidly  narrowed  acumen  which 
is  only  3.5  centimeters  in  length  in  the  small 
specimen  figured;  abruptly  rounded-truncate  at 
the  base  of  the  leaf  on  the  upper  side,  where  an 
inconspicuous  ligule  is  present.  Rays  numer- 
ous, 40  to  60  in  number,  carinate,  linear- 
lanceolate  in  form,  expanding  to  their  middle, 
and  free  for  about  the  upper  third  of  their 
length,  more  or  less  curved  at  the  base.  Max- 
imum width  observed  about  4  centimeters; 
average  about  2  centimeters.  Midribs  of  rays 
not  especially  strong  or  prominent.  Second- 
aries numerous,  fine,  longitudinal,  parallel, 
largely  immersed  in  the  leaf  substance,  which 
must  have  been  coriaceous.  No  transverse 
veinlets  observed. 

This  species  has  a  recorded  range  along  the 
coast  of  the  Gulf  of  Mexico  from  Florida  to 
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central  Mississippi  and  is  in  places  abundant 
but  everywhere  fragmentary.  In  the  absence 
of  fairly  well  preserved  specimens  showing  the 
rachis  and  acumen  it  is  impossible  to  distin- 
guish this  form  from  the  Wilcox  species  Said- 
lites  grayanus  Berry  or  the  Oligocene  species 
Sahalites  vickshurgensis  Berry,  so  that  possibly 
the  latter  species,  represented  by  incomplete  ma- 
terial, may  be  present  in  the  Alum  Bluflf  sands, 
although  I  consider  this  extremely  doubtful. 

Sahalites  grayanus  differs  from  the  present 
species  in  the  expanded  upper  end  of  the  rachis, 
the  longer  and  more  gradually  narrowed  acu- 
men, and  the  more  numerous  rays,  which  are 
usually  more  conspicuously  veined. 

The  fragments  of  rays  which  are  so  common 
in  some  of  the  deposits  of  the  Vicksburg  group 
and  which  are  made  the  basis  of  Sahalites  vicks- 
hurgensis are  to  be  distinguished  from  S.  apor- 
lachicolensis  chiefly  by  their  much  more  promi- 
nent venation  and  longer  and  more  slender 
acumen.  The  present  species  at  its  r^on  of 
maximum  occurrence  at  Alum  Bluff  is  badly 
infested  with  a  leaf-spot  fungus  which  I  have 
described  as  Pestalozzites  sahalan^a  Berry,  n.  sp. 

The  foliage  of  palms  is  abundant  and  well 
distributed  throughout  the  deposits  of  the 
Wilcox,  daibome,  Vicksburg,  and  Apalachi- 
cola  groups,  indicating  the  abimdance  of  plants 
of  this  type  in  southeastern  North  America 
during  the  Tertiary  period.  Few  of  these 
remains  represent  entire  leaves,  and  in  many 
places  only  fragments  of  rays  are  preserved. 
Palm  leaves  are  notoriously  difficult  of  deter- 
mination, and  the  bulk  of  remains  represent- 
ing flabellate  fan  palms  with  an  acumen  are 
referred  by  American  students  to  the  genus 
Sahalites  and  by  European  students  to  Sabal. 
Two  methods  of  specific  differentiation  are 
possible.  Minor  differences  and  stratigraphic 
position  may  be  ignored,  as  in  the  case  of  the 
geographically  and  geologically  wide-ranging 
Sahal  major  linger  of  Eurasia,  or  minor  differ- 
ences that  also  represent  differences  in  geologic 
age  may  have  considerable  weight  in  specific 
differentiation.  The  latter  is  the  method  that 
I  have  found  most  useful  from  both  the  bio- 
logic and  the  geologic  viewpoint. 

The  extreme  tropical  climate  of  Vicksburg 
and  Catahoula  time,  which  is  reflected  in  the 
abundant  traces  of  palms  found  in  deposits  of 
Vicksburg  or  Catahoula  age  from  Texas  east- 
ward, continued  through  the  time  of  deposition 


of  the  Chipola  marl  member  of  the  Alimi  Bluff 
formation.  Fortimately  conditions  were  fav- 
orable for  petrification,  and  fragments  of  petri- 
fied palm  trunks,  many  of  them  of  large  size, 
are  abtmdant  throughout  the  area  underlain 
by  the  Vicksburg  or  Catahoula  deposits. 
Seven  species  of  Palmoxylon  have  been  de- 
scribed from  these  deposits.  So  far  as  I  am 
aware  no  petrified  palms  have  thus  far  been 
obtained  from  the  Alum  Bluff  sands,  but  palm 
foliage  is  very  abundant  in  the  leaf-bearing 
lens  at  Alum  Bluff.  I  have  never  seen  so  great 
an  abimdance  of  stipes  and  rays  of  palms  as 
occur  at  this  outcrop.  In  places  whole  layers 
consist  of  a  mass  of  frayed  and  tangled  rays  in 
a  matrix  of  sandy  alluvium.  They  are  usually 
much  macerated,  and  only  here  and  there  can 
larger  fragments  of  leaves  be  found.  They  are 
almost  equally  abundant  in  the  similar  mate- 
rials cropping  out  near  Raglan,  Miss.  This 
suggests  the  presence  near  the  coast  in  late 
Alum  Bluff  time  of  extensive  palmetto  swamps 
or  brakes  along  the  lower  reaches  of  a  sluggish 
river  or  estuary  only  a  few  feet  above  mean 
water  level — not  flooded  or  true  swamps,  but 
subject  to  periodic  overflow. 

Occurrence:  Hattiesburg  clay,  Raglan,  For- 
rest County,  Miss,  (common;  collected  by  E. 
W.  Berry) ;  and  near  Chicoria,  on  Chickasaw- 
hay  River ,  Wayne  County,  Miss,  (collected  by 
E.  W.  Berry).  Alum  Bluff  formation.  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry),  and  Boynton  Bluff,  Choctawhatchee 
River>  Fla.  (collected  by  E.  H.  Sellards). 

Collections:  United  States  National  Museum. 

SnbclasB  DICOTTLEDONJE. 

Order  FAGALES. 

FamUy  ULMACEiE. 

Qenus  IJLMXJS  Linntf. 

Ulmus  floridana  Berry,  n.  gp. 

Plate  IX,  figures  5-7. 

Leaves  of  medium  or  small  size,  ovate-lan- 
ceolate in  general  outline,  with  slightly  ine- 
quilateral cuneate  rounded  or  subcordate 
base,  and  a  gradually  narrowed,  somewhat  ex- 
tended acuminate  tip.  Length  from  4  to  7 
centimeters.  Maximum  width,  in  the  basal 
half  of  the  leaf,  from  1.5  to  3  centimeters. 
Mai^gins  entire  at  the  extreme  base,  above 
which  they  are  finely  and  sharply  doubly  ser- 
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rate,  the  teeth  increasmg  slightly  in  size  distad. 
Petiole  short  and  stout,  about  2.5  millimeters 
in  length.  Midrib  of  medium  size,  relatively 
thin  and  flexuous.  Secondaries  thin,  10  to 
12,  subopposite  to  alternate,  in  rather  irregu- 
larly spaced  pairs;  they  diverge  from  the 
midrib  at  angles  varying  from  about  75^  near 
the  base  to  30^  near  the  tip,  averaging  about 
50°;  they  pursue  a  rather  straight  craspedo- 
drome  course  and  near  their  tips  give  off  one 
or  two  outwardly  directed  tertiaries,  which 
run  to  the  teeth  or  to  the  sinuses. 

This  well-marked  species  of  Ulmus  appears 
to  have  been  common  during  Almn  Bluff 
time  and  constitutes  the  one  strictly  temperate 
element  in  the  Alum  Bluff  flora.  Among  ex- 
isting species  it  is  most  similar  to  TThnus  aUUa 
Michaux,  which  ranges  from  western  Florida 
northward  to  Virginia  and  from  Texas  to 
Illinois.  Like  Z7.  aUita,  the  fossil  species  was 
probably  an  inhabitant  of  rich  alluvial  swamp 
and  stream  borders,  for  it  seems  probable  that 
the  fossiliferous  lens  in  the  Alum  Bluff  sands 
is  the  result  of  stream  action.  Among  fossil 
species,  of  which  many  have  been  described, 
it  bears  more  or  less  resemblance  to  a  nmnber 
of  widely  scattered  forms,  especially  because 
the  limits  of  variation  of  the  foliage  among 
different  species  of  Ulmus  are  not  wide.  The 
most  similar  fossil  form  is  Ulmus  lanffifolia,  de- 
scribed by  Unger  ^  and  subsequently  recorded 
from  the  Aquitanian  of  Bohemia,  Germany, 
Stj^a,  and  France,  which  is  extremely  close 
to  the  American  species. 

The  genus  Ulmus  may  be  distinguished  from 
the  allied  genus  Carpinus  by  the  usually  more 
inequilateral  leaves  and  by  the  tertiaries  to 
the  marginal  sinuses. 

Occurrence:  Hattiesburg  clay,  Raglan,  For- 
rest Coimty,  Miss,  (collected  by  E.  W.  Berry). 
Alum  Bluff  formation.  Alum  Bluff,  Liberty 
County,  Fla.  (collected  by  E.  W.  Berry). 

Collection:  United  States  National  Museum. 

Order  XTSTICALES. 

FUnUy  MOBACKX. 

Oenus  ABTOCABPUS  Ttfrster. 

Artocarpas  lesslgiaiia  floridana  Berry,  n.  Tar. 

Plate  X,  figures  5-7. 

Leaves  of  lai^e  size,  rather  smaller  than  the 
type,  but  very  poorly  preserved  in  the  ciu*- 
rent-bedded  8an<k.    At  least  25  centimeters  in 

1  Unger,  Frani,  Cbloris  protogna,  p.  101,  pL  26,  fig.  5, 1847. 


length  and  about  13  centimeters  in  maximum 
width,  thus  more  narrowly  oblong  in  general 
outline  than  the  type.  Pinna tely  8  to  10 
lobed;  the  lobes  short,  relatively  broad  and 
conical,  acutely  pointed  and  directed  obliquely 
outward,  separated  by  very  narrow  sinuses. 
Midrib  stout.  Lateral  primaries  stout,  diverg- 
ing from  the  midrib  at  angles  of  about  45^, 
one  to  each  lobe,  terminating  in  its  tip. 
Secondaries  alternating  with  the  primaries, 
one  to  each  sinus,  the  latter  with  the  charac- 
teristic marginal  hem.  Tertiaries  mostly  ob- 
solete. Areolation  quadrangular  where  seen. 
Texture  coriaceous.  There  was  evidently  con- 
siderable variation  in  outline,  for  the  basal 
portion  of  the  leaf  shown  in  figure  6  has  a 
cuneate  base  and  must  have  had  strongly 
ascending  lobes. 

This  form  is  based  on  very  fragmentary 
specimens  from  the  Alum  Bluff  sands.  It 
may  be  distinguished  from  Ariocarpus  lessigiarui 
by  its  relatively  narrower  form  and  its  finer 
venation.  The  latter  comes  from  the  Wilcox 
group,  a  much  earlier  horizon,  and  has  not 
been  found  in  the  intervening  interval,  repre- 
sented by  the  Claiborne,  Jackson,  Vicksbuig, 
and  Catahoula  deposits.  I  have  a  feeling  that 
the  Alum  l^luff  material  represents  a  new 
species,  but  I  hesitate  to  set  up  a  species  on 
such  fragmentary  material,  which  is,  however, 
the  best  obtainable  by  the  most  careful  col- 
lecting. 

Remains  of  Artocarpus  have  been  found  in 
Europe,  Greenland,  and  the  United  States. 
In  this  country  we  have  the  Laramie-Denver 
type,  which  is  considered  the  parent  stock  of 
the  present  variety.  This  type  and  two 
other  species  are  represented  in  the  late  Wil- 
cox of  Louisiana  and  Arkansas  by  excellent 
material.  There  is  a  Fort  Union  species  and 
another  Eocene  form  on  the  Pacific  coast. 
In  Europe  several  species  range  from  the 
Upper  Cretaceous  to  the  Pliocene. 

There  are  about  40  existing  species  of  Arto- 
carpus, aU  endemic  in  the  southeastern  Asiatic 
region,  ranging  from  Ceylon  throughout  Malay- 
sia to  China  and  represented  by  cultivated 
forms  in  all  tropical  countries.  They  appar- 
ently did  not  become  extinct  in  North  America 
until  the  interval  between  the  deposition  of  the 
Alum  Bluff  formation  and  the  migration  of  the 
Chesapeake  Miocene  faima  into  the  Florida 
region,  a  migration  indicating  a  lowering  of 


PHYSICAL  CONDITIONS  AND  AGE  INDICATED  BY  FLOBA  OF  ALUM  BLUFF  FOBMATION, 


49 


temperatures  entirely  sufficient  to  explain  the 
extinction  of  Artocarpus  on  the  mainland,  but 
not  ofiFering  a  satisfactory  explanation  of  its 
failure  to  survive  in  more  southern  latitudes. 

Occurrence:  Alum  Bluff  formation,  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry). 

Collection:  United  States  National  Museum. 

Order  CHENOPODIALSS. 
TamUy  NTCTAGINACSJE. 
QenuB  PISONIA  Li]m6. 
Plsonia  apalachicolensls  Beiryt  n.  sp. 

Plate  X,  figure  1. 

Leaves  of  relatively  large  size  for  this  genus, 
obovate  in  general  ouUine,  with  a  broad  apex, 
which  is  evenly  roimded  or  bluntly  pointed,  and 
a  gradually  narrowed,  sharply  cuneate  base. 
Length  about  5.75  centimeters;  maximum 
width,  above  the  middle,  about  2.4  centimeters. 
Margins  entire.  Texture  coriaceous.  Petiole 
short  and  stout,  about  6  millimeters  in  length. 
Midrib  stout  but  immersed  in  the  thick  leaf 
substance,  curved.  Secondaries  entirely  im- 
mersed and  obsolete. 

The  modern  species  of  Pisonia  are  numerous; 
they  occur  chiefly  in  the  Tropics  in  both  hemi- 
spheres and  are  largely  coastal  types.  They  are 
abimdantly  developed  in  Central  America  and 
tropical  South  America,  and  several  species 
occur  in  the  West  Indies  and  Antilles.  About 
15  fossil  species  have  been  described,  the  ear- 
li^t  recorded  being  from  the  Upper  Cretaceous 
of  both  America  and  Europe.  The  lower 
Eocene  of  southeastern  North  America  has  fur- 
nished two  well-marked  species,  there  is  a  spe- 
cies said  to  be  represented  by  both  leaves  and 
fruit  in  the  basal  Eocene  of  the  Rocky  Moun- 
tain area,  a  fourth  species  occurs  in  the  Clai- 
borne group,  and  a  fifth  has  been  found  in  the 
Jackson.  Perhaps  the  most  similar  fossil  form, 
based  on  both  leaves  and  fruits,  is  Pisonia 
eocenica  Ettingshausen,^  from  the  lignites  of 
Haering,  in  Tyrol,  which  is  upper  Eocene  or 
lower  OUgocene  in  age,  occiuring  also  as  early 
as  the  Lutetian  of  England. 

Among  existing  species  several  are  close  to 
the  present  form.  Pisonia  longifolia  Sargent, 
of  the  beaches  and  shores  of  lagoons  from  the 

>  Ettingshaosen,  Constantin,  Die  tertl&re  Flora  von  H&iing  in  Tirol, 
II.  43,  pi.  11,  figs.  1-22,  1853. 


Florida  keys  through  the  West  Indies  to  Brazil, 
is  very  similar  to  Pisonia  apalachicolensis, 
though  only  about  two-thirds  as  large. 

Occurrence:  Alum  Bluflf  formation,  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry). 

Collection:  United  States  National  Museum. 

Order  BOSALSS. 

AunUy  C^SALPINIACEiE. 

QeniLS  CMBALVmiA  Llnii6. 

Casalpinia  sellardsi  Berry,  n.  sp. 

Plate  IX,  figures  1,  2. 

Leaflets  small,  sessile,  inequilateral,  ellipti- 
cal in  outline,  7.5  millimeters  in  length  and 
4.2  millimeters  in  greatest  width.  Apex 
broadly  rounded.  Base  strongly  inequilater- 
ally  truncated,  one  margin  ascending  and  the 
opposite  margin  subauriculate.  Midrib  slen- 
der. Secondaries  two  or  more,  slender,  ascend- 
ing, camptodrome.     Margins  entire. 

This  species,  which  is  obviously  new,  is 
clearly  the  leaf  of  some  shrub  or  tree  of  the 
family  Caesalpiniacese.  Though  only  a  few 
specimens  were  observed,  this  can  not  be 
considered  as  indicating  scarcity,  for  the  plant 
material  at  Alum  Bluff  is  all  rather  meager 
and  poorly  preserved.  It  seems  probable  that 
the  present  species  was  a  member  of  the 
strand  flora,  the  strand  being  the  habitat 
preferred  by  a  number  of  species  of  this  genus 
in  the  modern  tropical  American  flora. 

The  fossil  species  may  be  compared  with  a 
number  of  existing  species,  with  which  it 
shows  a  very  close  agreement.  Among  pre- 
viously described  fossil  species  it  is  very  olose 
to  what  has  been  identified  by  Schenk '  as 
Cxsalpinia  townshendi  Heer,  from  the  Stampian 
of  Sieblos,  originally  described  by  Heer  *  from 
the  Aquitanian  and  Tortonian  of  Switzerland 
and  Baden  and  identified  by  Geyler  from  the 
Messinian  of  Sicily. 

There  is  a  very  notable  display  of  Mimo- 
saceae  and  Caesalpiniacese  in  the  flora  of  the 
Wilcox  group,  and  these  elements  probably 
continued  to  be  prominent  throughout  the 
remainder  of  the  Eocene  and  the  Oligocene, 

*  Schenk,  August,  In  Zittel,  K.  A.,  Handbuch  der  Palaeontologto, 
Abth.  2,  Palaeophytologie,  p.  700,  fig.  369  (4),  1890. 

s  Hew,  Oswald,  Flora  tertlaria  HelyeUe,  vol.  3.  pi.  137,  figs.  2(^-37, 
18S9. 
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although  the  record  is  much  less  completely 
preserved  in  the  post- Wilcox  sediments.  The 
present  species  is  probably  but  one  of  many 
related  forms  that  inhabited  southeastern 
North  America  during  the  deposition  of  the 
Alum  Bluff  formation.  It  is  more  inequilateral 
than  any  of  the  known  Tertiary  species  from 
this  general  region,  although  it  might  perhaps 
be  considered  a  descendant  of  Csesalpinites 
pinsonensis  Berry,  a  somewhat  smaller,  less 
obUque,  and  more  coriaceous  form,  from  the 
sands  of  middle  Wilcox  age  in  Madison  County, 
Tenn.  It  is  named  for  Dr.  E.  H.  Sellards,  State 
geologist  of  Florida,  who  visited  this  celebrated 
locaUty  with  me  and  helped  collect  the  fossil 
plants. 

Occurrence:  Alum  Bluff  formation,  Alum 
Bluff,  Fla.  (collected  by  E.  W.  Berry). 

Collection:  United  States  National  Museum. 

Ofder  OKBANIALSS. 

Family  BUTACSJB. 

Oenns  7AOASA  LiimC. 

Fagare  apalachictrfensls  Berry,  m  sp. 

Plate  IX,  figure  2. 

Leaves  compound.  Leaflets  sessile,  of  me- 
dium size  for  this  genus,  elliptical  in  general 
outline,  with  a  broadly  rounded  apex  and  a 
broadly  pointed  base.  Length  about  3  centi- 
meters; maximum  width,  above  the  middle, 
about  1 .75  centimeters.  Margins  entire.  Tex- 
ture coriaceous.  Midrib  stout,  somewhat 
flexuous.  Secondaries  four  or  five,  suboppo- 
site  to  alternate  pairs,  irregularly  spaced, 
diverging  from  the  midrib  at  angles  varying 
from  35°  to  50°,  rather  straight  in  their 
courses,  abruptly  camptodrome  close  to  the 
margins.  Tertiaries  thin,  more  or  less  im- 
mersed, forming  small  quadrangular  or  polyg- 
onal meshes. 

The  genus  Fagara,  which  contains  more  than 
150  living  species  of  shrubs  and  trees,  is 
cosmopolitan  in  tropical  and  subtropical  coun- 
tries. A  few  forms  more  properly  referable  to 
Xanthoxylum  range  for  considerable  distances 
in  the  Temperate  Zone,  particularly  in  south- 
eastern North  America.  Fossil  forms  based 
on  foUage  are  usually  confused  with  the 
closely  allied  genus  Xanthoxylum  Linnfi.  Leaf- 
lets referable  to  Fagara  are  not  uncommon 
throughout   our    southern   Tertiary   deposits. 


several  different  forms  from  the  Eocene  and 
Oligocene  having  been  described.  The  genus 
appears  to  have  been  especially  prominent  in 
the  torrid  flora  of  the  Vicksbui^  group,  and 
the  leaflets  are  very  abundant  in  the  clays  of 
that  age.  The  present  species  is  clearly  unlike 
any  of  these,  being  especially  different  in  its 
broad  apex  and  narrowed  base,  and  might 
readily  be  confused  with  the  small  entire 
leaves  of  some  Uve  oak.  The  scarcity  of  leaf 
remains  in  the  Alum  Bluff  formation  renders 
any  remarks  on  the  relative  abundance  of 
their  described  flora  without  much  significance. 

Occurrence:  Alum  Bluff  formation,  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry),  and  Boynton  Bluff,  Choctawhatchee 
River,  Fla.  (collected  by  E.  H.  Sellards). 

Collection:  United  States  National  Museum. 

Older  BHAMNALSS. 

VUnUy  BHAXNAC&B. 

Qenns  BHAMNXTS  Iiiim€. 

BluunnnB  apalachicoleiisls  Berry,  n.  gp. 

Plate  IX,  figure  8. 

Leaves  rather  large  for  this  genus,  broadly 
elUptical  in  general  outline,  with  a  broad  and 
evenly  rounded  apex  and  base.  Length  about 
8  centimeters ;  maximiun  width,  in  the  middle 
part  of  the  leaf,  about  4.6  centimeters.  Mar- 
gins entire,  evenly  rounded.  Texture  subcoria- 
ceous.  Midrib  stout.  Secondaries  stout,  four 
or  five  alternate  pairs,  diverging  from  the  mid- 
rib at  angles  of  about  55°  to  60°,  curving  up- 
ward almost  immediately  in  a  broad,  sweeping 
curve,  beconxing  subparallel  with  the  lateral 
margins,  along  which  they  arch  camptodromely. 
Tertiaries  thin,  closely  set,  subparallel,  mostly 
percurrent  at  right  angles  to  the  midrib. 

This  large  leaf  is  distinct  from  the  numerous 
fossil  species  of  Rhamnus  previously  described, 
although  it  resembles  a  number  of  them  more 
or  less  closely.  The  genus  has  about  60  exist- 
ing species,  widely  distributed  in  nearly  all  tem- 
perate and  many  tropical  parts  of  the  world  and 
found  on  all  the  continents  except  AustraUa. 

The  genus  Rhamnus  is  fairly  prominent  in 
Tertiary  floras  of  southeastern  North  America, 
the  Rhamnacese  being  also  represented  by 
forms  of  Zizyphus  and  Paliurus  of  tropical 
type.  Six  species  from  the  Wilcox  group  have 
been  described,  but  none  are  yet  known  from 
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the  Qaibome,  Jackson,  Vicksbui^,  or  Cata- 
houla. 

Occurrence:  Alum  Bluff  formation,  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry). 

Collection:  United  States  National  Museum. 

Order  THYMELXALES. 
FamUy  LAT7BACEJB. 
Oenus  NECTANDSA  Boland. 
Nectandim  apalachicolensis  Beiry,  n.  sp.  • 

Plate  IX,  figure  3. 

Leaves  oblong-ovate  in  general  outline, 
broadest  near  the  middle  and  tapering  to  the 
bluntly  pointed  apex  and  base.  Length  about 
8  centimeters;  maximum  width,  halfway  be- 
tween the  apex  and  the  base,  about  2.5  centi- 
meters. Margins  entire,  evenly  curved.  Tex- 
ture coriaceous.  Midrib  stout.  Secondaries 
about  10  subopposite  pairs,  diverging  from  the 
midrib  at  wide  angles,  about  60^,  rather 
straight  in  their  courses  two-thirds  of  the  dis- 
tance to  the  margins,  where  they  curve  abruptly 
upward  and  form  a  succession  of  small  camp- 
todrome  arches  along  the  margins.  Tertiaries 
obsolete. 

The  genus  Nectandra  has  about  70  existing 
species  confined  to  tropical  and  subtropical 
America,  several  of  which  are  practically  iden- 
tical with  this  Alum  Bluff  species.  There  are 
numerous  fossil  species,  the  genus  being  well 
represented  throughout  the  Eocene  of  south- 
eastern North  America,  especially  in  the  sedi- 
ments of  the  Wilcox  group,  from  which  at  least 
five  species  are  known.  It  is  represented  in  the 
Claiborne  and  Jackson  but  has  not  yet  been 
found  in  the  Vicksburg  or  Catahoula.  The 
present  species  is  not  particularly  close  to  any 
of  the  described  fossil  forms. 

Occurrence:  Alum  Bluff  formation.  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry). 

Collection:  United  States  National  Museum. 

Genus  CINKAMOMnM  Blame. 
Cinnamomam  scheuchzeri  Heer. 

Plate  X,  figure  4. 

CinnamomuM  scheuchzeri.  Heer,  Flora  tertiaria  Helvetia, 
vol.  2,  p.  85,  pi.  91,  figs.  4-22;  pi.  92;  pi.  93,  figs.  1,  5, 
1856. 

This  species  was  described  by  Alexander  Braun 
from  both  calyx  and  leaves,  obtained  in  the 
Tortonian  of  Oeningen,  Baden.    Typical  ma- 


terial is  common  in  the  type  area  in  both  the 
Aquitanian  and  the  Burdigalian.  Only  the 
original  description  of  Heer,  which  is  accom- 
panied by  ample  figures,  is  cited  above,  for 
sanguine  students  have  fancied  that  they  had 
found  this  species  at  all  horizons  from  the  Up- 
per Cretaceous  to  the  PUocene,  and  at  a  very 
large  number  of  localities  throughout  the 
Northern  Hemisphere.  Some  of  these  identi- 
fications are  undoubtedly  correct,  and  the 
species  certainly  had  a  wide  geographic  and 
geologic  range.  Other  identifications  are  im- 
questionably  erroneous,  but  it  is  impossible  to 
sift  the  good  from  the  bad  without  access  to 
the  original  material,  and  I  have  therefore  not 
attempted  to  give  the  synonymy  or  range. 

The  Alum  Bluff  material  appears  to  be  iden- 
tical with  a  part  of  Heer's  material  from  the 
type  area,  and  it  is  also  of  the  same  age,  so 
that  I  have  no  hesitation  in  identifying  it  with 
Heer's  species.  It  denotes  an  ovate-lanceolate 
leaf,  rather  abruptly  pointed  at  the  extremi- 
ties, the  base  being  broader  than  the  apex. 
Length  about  8  centimeters;  maximum  width, 
in  the  middle  part  of  the  leaf,  2.7  centimeters. 
Margins  entire.  Texture  coriaceous.  Midrib 
stout.  Lateral  primaries  one  on  each  side,  sub- 
opposite,  suprabasilar,  camptodrome.  Second- 
aries thin,  three  or  four  camptodrome  pairs  in 
upper  half  of  the  leaf. 

Occurrence:  Alum  Bluff  formation.  Alum 
Bluff,  Liberty  County ,  Fla.  (collected  byE.  W. 
Berry) . 

Collection:  United  States  National  Museum. 

Order  XBXNALS8. 

Family  SAPOTACKS. 

Oenus  BUMXLIA  Swartz. 

BoBieUa  8|>alachlcoleiisis  Berry,  n.  sp. 

Plate  IX,  figure  4. 

Leaves  oblong-obovate  in  general  outline, 
with  an  evenly  roimded  apex  and  a  narrowed 
cuneate  base.  Length  about  4  centimeters; 
maximum  width,  above  the  middle  of  the  leaf, 
about  1 .9  centimeters.  Margins  entire,  rather 
full.  Texture  coriaceous.  Petiole  short  and 
stout,  about  2.5  millimeters  in  length.  Midrib 
stout,  especially  proximad,  curved.  Seconda- 
ries thin,  numerous,  10  to  12  subopposite  to 
alternate  pairs,  subparallel,  at  approximately 
regular  intervals;  they  diverge  from  the  mid- 
rib at  angles  of  about  40^  and  are  camptodrome 
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in  the  marginal  region.  Tertiaries  immersed 
in  the  leaf  substance. 

In  the  modern  flora  the  genus  Bumelia  em- 
braces about  20  species  of  shrubs  and  mostly 
small  trees,  confined  to  the  Western  Hemis- 
phere, where  they  are  distributed  from  the 
southern  United  States  through  the  West  In- 
dies, Mexico,  and  Central  America  to  Brazil. 
Some  of  the  species  range  northward  to  Vir- 
ginia and  southern  Illinois.  They  inhabit  for 
the  most  part  the  strand,  sandy  soil  near  the 
coast,  river  bottoms,  and  the  borders  of  swamps. 
Fossil  species  of  Bumeha  are  numerous  and  the 
genus  was  probably  cosmopolitan  during  the 
Tertiary — it  was  certainly  common  in  the  Eu- 
ropean area.  It  has  been  continuously  repre- 
sented in  southeastern  North  America  since  the 
Upper  Cretaceous.  Four  lower  Eocene  species 
from  this  area  have  been  described,  one  of 
which,  Bumelia  psevdotenax  Berry,  from  the 
Wilcox  group  of  northern  Mississippi,  is  not 
unUke  the  Alum  Bluff  species  but  somewhat 
smaller  and  relatively  narrower.  Other  spe- 
cies are  present  in  the  deposits  of  the  Claiborne 
and  Vicksburg  groups. 

Compared  with  existing  American  species  the 
present  form  is  closer  to  the  temperate  than  to 
the  tropical  species.  It  is  intermediate  between 
Bumdia  tenax  Willdenow  and  B,  lanuginosa 
Persoon  and  may  stand  in  an  ancestral  rela- 
tionship to  these  modern  forms.  The  former 
ranges  along  the  coast  from  Cape  Canaveral  to 
North  Carolina  and  the  latter  from  northern 
Florida  along  the  Gulf  coast  and  up  the  Mis- 
sissippi Valley  to  southern  Illinois  and  is  abun- 
dant and  of  its  largest  size  in  the  river  bottoms 
of  eastern  Texas. 

Occurrence:  Alum  Bluff  formation,  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 

Berrv). 

Collection:  United  States  National  Museum. 

Oenus  SAPOTACirSS  Etttnpiliansen. 
Sapotadtes  spatnlatiis  Bcny,  n.  sp. 

Plate  X,  figure  2. 

Leaves  of  medium  size,  obovate  or  spatulate 
in  general  outline,  with  a  broadly  rounded 
apex,  from  which  it  narrows  gradually  with 
nearly  straight  lateral  margins  to  the  sharply 
cune^te  base.  Length  about  7  centimeters; ' 
maximum  width  in  the  upper  part  of  the  leaf, 


about  2.75  centimeters.  Margins  entire.  Tex- 
ture coriaceous.  Petiolar  portion  missing. 
Midrib  stout  but  more  or  less  immersed. 
Secondaries  obsolete  by  immersion.  Ter- 
tiaries shown  in  microscopic  preparations  to 
form  a  very  close  meshed  areolation. 

Sapotacites  is  a  form  genus  for  generically 
imdifferentiated  or  undeterminable  members 
of  the  family  Sapotacese,  and  numerous  species 
that  range  from  the  Upper  Cretaceous  through 
the  Tertiary  have  been  described.  It  is  pos- 
sible to  refer  many  of  these  ancient  species, 
such  as  the  numerous  forms  in  the  flora  of  the 
Wilcox  group,  to  BumeUa,  Mimusops,  Side- 
roxylon,  Chrysophyllum,  and  other  allied  gen- 
era. The  present  form  is  much  like  a  number 
of  existing  species  of  Mimusops  as  well  as  some 
forms  of  Bumelia.  The  family  is  chiefly  trop- 
ical and  subtropical. 

No  fossil  species  are  especially  close  to  the 
present  one,  although  it  shows  considerable 
resemblance  to  ChrysophyUum  sagorianum  Et- 
tingshausen/  from  the  Aquitanian  of  Sagor,  in 
Camiola. 

Occurrence:  Alum  Bluff  formation,  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry). 

Collection:  United  States  National  Museum. 

FamUy  EBEHACSJE. 

Gkniu  DI0SPYB08  Linnd. 

Diospyros  brachysepaU  Alex.  Bniuu 

Plate  X,  figure  3. 

Diospyro8  hrachysepala.    Alex.  Braun,  Die  Tertifir-Flora 

von  Oningen:  Neuee  Jahrb.,  1845,  p.  170. 
Dio»pyro8  brachyupala.    Heer,  Flora  tertiaria  Helvetue, 

vol.  3,  p.  11,  pi.  102,  figs.  1-14;  pi.  153,  fig.  39b,  1859. 
DioBpyros  hrachysepala.    Friedrich,  Beitrage  zur  Kennt- 

niffider  Tertiarflora  der  Sachsen,  pp.  63,  119,  126,  253, 

255,  pi.  6,  fig.  1,  1883. 
Diospyros   hrachysepala.    Ward,    Types  of  the   Laramie 

flora:  U.  S.  Geol.  Survey  Bull.  37,  p.  104,  pi.  49,  figs. 

1,  2,  1887. 

This  early  described  species  has  been  re- 
corded from  a  large  number  of  American  and 
Eurasian  localities  ranging  in  age  from  basal 
Ek>cene  to  Pliocene.  It  is  improbable  that  a 
single  species  existed  for  so  long  a  period,  and 
I  have  therefore  reduced   the  synonymy  of 

*■  Ettin|:shausea,  Constantin,  Die  fossile  Flora  von  Sftgor  in  Knin, 
pt.  2,  p.  14,  pi.  la,  figs.  19-21, 1S77. 
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this  species  to  a  few  representative  citations.^ 
The  species  has  been  recorded  by  Lesquerenx, 
Ward,  and  others  from  the  lower  Eocene  of 
the  Rocky  Mountain  area,  as  well  as  by 
Heer  from  West  Greenland.  I  am  not  cer- 
tain that  all  these  records  are  correct,  for 
Diospyros  brachysepala  is  typically  an  Oligo- 
cene-Miocene  form.  It  is  found  in  the  type 
area  in  both  the  Aquitanian  and  Burdigalian. 
The  Alum  Bluff  leaves,  like  most  of  the 
material  referred  to  this  species,  are  relatively 
small,  about  5.5  centimeters  in  length  and  2.8 
centimeters  in  maximum  width,  midway  be- 
tween the  apex  and  the  base,  which  are  about 
equally  pointed,  the  general  outline  being  al- 

1 A  much  more  complete  synonymy  is  given  in  my  paper  The  lower 
Eocene  floras  of  southeastern  North  America:  U.  S.  Oeol.  Survey  Prof. 
Paper  91  (in  press). 


most  elliptical.  The  midrib  is  stout  and  the 
secondaries  thin,  numbering  six  or  seven  sub- 
opposite  to  alternate  camptodrome  pairs.  The 
leaves  here  described  are  close  to  a  number  of 
examples  figured  by  Heer  from  the  type  local- 
ity, but  are  relatively  slightly  broader  than 
some  of  the  forms  referred  to  this  species  by 
different  authors.  In  some  respects  they  are 
very  similar  to  Diospyros  lamarensis  Knowl- 
ton,'  from  Lamar  (probably  upper  Miocene), 
in  Yellowstone  Park. 

Occurrence:  Alum  Bluff  formation.  Alum 
Bluff,  Liberty  County,  Fla.  (collected  by  E.  W. 
Berry). 

Collection:  United  States  National  Museum. 

1  Knowlton,  F.  H.,  U.  S.  Qeol.  Survey  lion.  32,  pt.  2,  p.  751,  pi.  96, 
figs.  5, 6;  pi.  96,  tg.  4, 1809. 
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PLATE  VIII. 

FiGUBBS  1-6.  SabaliUs  apalachioolenns  Berry,  n.  ep.,  from  Uie  Alum  Bluf!  formation,  Alum  Bluff,  Liberty  County, 

Fla. 
Figuret;  2  and  5  show  prolongation  of  the  rachis  as  a  midrib  on  the  under  side  of  the  leaf. 
Figure  3  shows  fragment  of  a  leaf  infested  with  Pestalozzites  aabalana  Berry,  n.  sp. 
Figure  4  shows  the  upper  side  of  a  leaf  base  and  the  termination  of  the  rachis  as  a  truncate  Ugule. 
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PLATE  rX 

Figure  1.  Cvsalpinia  sellardsi  Berry,  n.sp. 
Figure  la.  The  same,  X  6. 
Figure  2.  Fagara  apalachicoltasU  Berry,  n.  sp. 
Figure  3.  Nectandra  apalachicoltnsis  Berry,  n.  sp. 
Figure  4.  Bumelia  apalachicolensis  Berr>',  q.  sp. 
Figures  5-7.   Ulmus  floridana  Berrj',  n.  sp. 
Figure  8.  Rhamnus  apalachicolmsis  Berry,  n.  sp. 

Figure  9.  Sabalites  apalachicolensis  Berry,  n.  sp.    Portioa  oC  a  ver>^  large  leaf  infested  with  Pestalozzites  sabalana 
Berry,  n.  sp. 
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PLATE  X. 

FioxmB  1.  Pisoma  apalackicolensis  Berry,  n.  sp. 

Figure  2.  Sapotadtes  spatulatua  Berry,  n.  sp. 

Figure  3.  DiospyroM  brachysepala  Alexander  Braun. 

Figure  4.  Cinnamomum  scheuchzeri  Heer. 

Figures  5-7.  Artocarpua  lesnyiana  floridana  Berry,  n.  var. 
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THE   PHYSICAL   CONDITIONS   INDICATED  BY  THE  FLORA  OF  THE 

CALVERT  FORMATION. 


By  Edward  Wilber  Berrt. 


INTRODUCTION. 

The  object  of  the  present  paper  is  to  give  a 
summary  of  the  small  flora  preserved  in  the 
Miocene  diatomaceous  beds  of  the  Calvert  for- 
mation in  the  District  of  Columbia  and  Virginia, 
and  more  especially  to  discuss  its  bearing  on  the 
physical  conditions  of  the  Calvert  epoch.  Sub- 
sequent to  the  middle  Eocene  the  next  abun- 
dant marine  fauna  preserved  along  the  middle 
Atlantic  coast  is  that  of  the  Calvert  formation 
of  the  Chesapeake  group.  Although  Miocene 
faunas  so  low  in  the  stratigraphic  column  are 
known  south  of  Virginia  only  in  the  vicinity  of 
Porters  Landing,  Savannah  River,  Ga.,  closely 
related  but  younger  Miocene  faunas  extend 
southward  at  least  as  far  as  Florida,  where  the 
containing  formation  rests  unconformably  on 
beds  in  which  occur  the  warmer-water  faunas 
of  the  Apalachicola  group. 

The  change  from  the  Apalachicola  faunas  to 
those  of  the  Miocene  constitutes  one  of  the  most 
striking  f  aimal  changes  of  the  later  Tertiary  in 
southeastern  North  America,  and  its  emphasis 
by  Dall  and  others  has  led  to  what  I  believe  to 
be  a  misconception  of  the  real  climatic  condi- 
tions of  Calvert  time.  Likewise  from  the  fact 
that  the  conspicuous  deposits  of  diatomaceous 
ooze  in  existing  marine  waters  are  in  the  polar 
oceans  it  has  been  imscientifically  assumed  that 
the  diatomaceous  beds  so  characteristic  of  the 
Calvert  formation  must  have  been  formed  by 
species  which  had  a  more  or  less  comparable 
environment. 

CHARACTER  AND  EXTENT  OF  THE  CALVERT 

FORMATION. 

The  Calvert  formation,  named  by  Shattuck  ^ 
in  1902  from  the  Calvert  Cliffs,  in  Calvert 
County,  Md.,  consists  of  200  to  400  feet  of 

1  Shattook,  O.  B.,  The  Mlooeno  formation  of  Maryland:  Soieaoe,  new 
•v.,  vol.  16,  p.  906, 1903. 


diatomaceous  earth,  sandy  clays,  and  mark. 
It  is  typically  developed  in  Maryland,  where  the 
basal  member  (Fairhaven)  comprises  about  65 
feet  of  diatomaceous  earth,  locally  argillaceous 
and  showing  occasional  influxes  of  sands.  The 
Calvert  has  been  recognized  in  southern  New 
Jersey  and  Delaware.  It  is  also  well  repre- 
sented in  Virginia  but  disappears  in  the  south- 
em  part  of  that  State  by  the  transgression  of 
the  St.  Marys  formation,  which  completely 
buries  it  in  North  Carolina,  overlapping  on  the 
crystalline  rocks  of  the  Piedmont  Plateau  in 
some  areas. 

Fossil  land, plants  have  been  found  in  the 
Calvert  at  Richmond,  Va.,  in  the  District  of 
Colmnbia  along  the  Benning  road  near  the 
District  line,  and  at  Good  Hope  Hill.  The 
formation  crops  out  on  the  Good  Hope  road  at 
a  point  near  the  top  of  the  hill,  where  a  few  feet 
of  light-colored  clay  (Calvert)  rests  unconform- 
ably on  the  fossiliferous  beds  of  the  Magothy 
formation  (Upper  Oetaceous) .  The  Calvert  is 
overlain  by  gravels  of  late  Tertiary  or  early 
Pleistocene  age.  This  locality  is  one  of  the 
most  northwesterly  points  at  which  the  Calvert 
can  be  recognized  with  certainty,  and  it  must 
also  have  been  near  the  landward  margin  of  the 
Calvert  sea.  No  invertebrates  are  associated 
with  the  plants  at  this  outcrop. 

At  the  Richmond  locality  the  Calvert  con- 
sists of  very  clayey  diatomaceous  earth  40  to  50 
feet  in  thickness,  which  rests  unconformably 
upon  remnants  of  the  Eocene  or  upon  the 
underlying  Lower  Cretaceous  or  crystalline 
rocks  and  is  overlain  by  Pleistocene  deposits. 
That  this  locality  also  was  near  the  shore  line 
of  the  Calvert  sea,  as  it  is  near  the  landward 
limit  of  the  existing  Calvert  deposits,  is  indi- 
cated not  only  by  the  more  clayey  nature  of  the 
materials  compared  with  similar  diatomaceous 
deposits  elsewhere  in  the  Calvert  formation  but 
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by  the  oont4iinod  plant  fossils,  as  well  as  by 
considerablo  comminuted  lignite,  that  in  places 
forms  layers  5  to  12  millimeters  thick.  The 
Calvert  contains  marine  invertebrates  in  the 
immediate  vicinity  of  this  outcrop,  and  asso- 
ciated with  the  plants  are  Nasaa  peraUoides 
Martin  and  Discinisca  lugubris  (Conrad),  the 
latter  a  species  which  occurs  in  shallow  water 
free  from  sand. 

FAUNA  OF  THE  CALVERT  FORMATION. 

The  fauna  of  the  Calvert  formation  is  exten- 
sive, particularly  in  the  marls  that  overlie  the 
diatomaceous  beds.  In  addition  to  the  re- 
mains of  marine  vertebrates,  which  are  in  gen- 
eral wide-ranging  and  of  little  significance  in 
ecology,  there  is  a  considerable  moUxiscan 
faima.  From  the  Calvert  of  Maryland  236 
species  of  Mollusca  have  been  described.  About 
100  species  have  been  recorded  from  the  Vir- 
ginia extension  of  these  beds,  but  this  number 
will  be  considerably  increased  when  the  studies 
of  Dr.  J.  A.  Gardner  are  published.  Twenty- 
three  of  the  Calvert  species  have  been  identified 
in  the  Florida  Miocene  (Jacksonville  and  Choc- 
tawhatchee  formations),  where  40  per  cent  of 
the  fauna  is  common  to  the  Chesapeake  group, 
resembling  more  specifically  the  faunas  of  the 
Miocene  formations  younger  than  the  Calvert. 
From  an  analyses  of  these  Maryland  faunas 
Dall,*  a  few  years  ago,  concluded  that  they  in- 
dicated shallow  marine  waters  and  temperatures 
somewhat  warmer  than  those  of  the  present  time 
in  the  latitude  of  Maryland.  Of  the  species  that 
persist  in  the  existing  f aima,  the  bulk  are  found 
south  of  Cape  Hatteras.  I  see  no  reason  for 
doubting  Dall's  conclusions,  which  obviously 
preclude  the  '*cold"  or  even  the  '*cool  temper- 
ate" conditions  that  have  commonly  been 
considered  as  characteristic  of  the  Chesapeake 
group. 

The  United  States  hydrographic  charts  give 
the  mean  temperature  of  the  surface  water  of 
the  Atlantic  in  the  latitude  of  Maryland  from 
December  to  May  as  55°,  and  from  June  to  No- 
vember as  71. 5*^.  The  figures  for  Massachu- 
setts Bay  are  45°  and  63.5°,  respectively.     The 

1  DaU,  W.  H.,  Maryland  Oeol.  Survey,  Miocene,  pp.  cxxix-clv,  1904. 


figures  for  the  vicinity  of  Beaufort,  N.  C,  which 
is  immediately  south  of  Cape  Hatteras  and 
which  would  appear  to  afford  conditions  cor- 
responding to  Dall's  qualitative  estimate,  are 
65  -h  °  for  December  to  May  and  76°  for  June  to 
November.  If  Dall's  estimate  is  reasonably 
correct  it  would  indicate  that  the  mean  annual 
temperature  of  the  water  in  which  the  Calvert 
molluscan  fauna  lived  was  close  to  70°.  The 
mean  for  the  year  at  the  surface  off  the  Mary- 
land coast  is  63°,  and  at  Beaufort  it  is  70°,  and 
although  the  bottom  temperatures  are  slightly 
less  than  the  surface  temperatures  they  are 
more  uniform  and  for  shallow  seas  like  the  Cal- 
vert would  not  be  appreciably  lower. 

FLORA  OF  THE  CALVERT  FORMATION. 

coMPOsrnoK  and  envibokhekt. 

The  most  abundant  plant  remains  in  the  Cal- 
vert are  the  siliceous  tests  of  diatoms.  Tliese 
have  been  much  studied  by  diatomists,  who 
have  identified  a  very  large  number  of  species. 
I  am  indebted  to  Dr.  Albert  Mann  for  the  state- 
ment that  the  Calvert  diatom  flora  indicates 
a  comparatively  shallow,  strictly  marine  habi- 
tat with  relatively  warm  or  subtropical  tem- 
perature. 

The  remains  of  land  plants  preserved  in  the 
strictly  marine  beds  of  the  Calvert  are  few  both 
in  number  of  species  and  in  number  of  individ- 
uals. As  a  result  of  the  present  study  I  am 
able  to  enumerate  26  species — 16  from  Vii^inia 
and  17  from  the  District  of  Columbia,  with  7 
forms  common  to  the  two  areas.  The  flora  in- 
cludes 1  pteridophyte  (Salvinia),  2  conifers 
(Taxodium  and  Pinus),  and  23  dicotyledons. 
Leguminous  forms  and  oaks  predominate,  al- 
though the  cypress  (Taxodium)  is  by  far  the 
most  common  form  at  Richmond,  where  cone 
scales  and  seeds  as  well  as  an  abundance  of  the 
deciduous  twigs  are  preserved. 

Although  this  flora  is  so  small  it  fortunately 
comprises  forms  whose  characters  indicate  very 
clearly  the  physical  conditions  along  the  shore 
of  the  Calvert  sea.  The  accompanying  table 
indicates  the  most  similar  fossil  and  existing 
species: 
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Among  the  recent  species  with  which  the 
Calvert  forms  are  compared  three  range  as 
far  north  as  southern  Canada  and  one  other 
ranges  into  New  England.  On  the  other 
hand,  all  the  forms,  including  the  four  just 
mentioned,  range  southward  to  Florida  or 
Texas  and  five  of  these  extend  into  the  Ameri- 
can Tropics.  It  is  obvious  that  these  wide- 
ranging  forms  are  of  slight  value  in  an  en- 
deavor to  estimate  the  climatic  conditions 
along  the  coast  in  Calvert  time.  More  sig- 
nificance attaches  to  the  northern  limits  of 
the  other  existing  forms  with  which  those  of 
the  Calvert  are  compared.  Three  of  these 
have  their  northern  limits  in  southern  Ari- 
zona and  New  Mexico,  two  in  Georgia,  two 
in  North  Carolina,  four  in  Virginia,  one  in 
Maryland,  and  two  in  Delaware.  Some  of  the 
comparisons  with  recent  forms  are  closer  or 
more  significant  than  others.  Among  these 
may  be  cited  those  with  Taxodium  diatichuraj 
Quercus  chapmani,  Planera  aquatica,  Berchemia 
scandenSf  and  Pieris  nitida.  Of  these,  the  bald 
cypress  (Taxodium  diaticJium)  reaches  its  north- 
em  limit  in  southern  Delaware;  Quercus  chap- 
mani  is  confined  to  the  coast  of  Georgia  and 
the  Gulf  of  Mexico ;  Planera  reaches  northward 
to  the  Coastal  Plain  of  North  Carolina;  and 
Berchemia  and  Pieris  extend  to  the  Coastal 
Plain  of  Virginia.  It  is  obvious  that  if  these 
comparisons  are  legitimate  the  Calvert  flora 
would  find  its  most  favorable  conditions  for 
existence  along  the  present  south  Atlantic 
and  Gulf  coasts. 

Another  method  of  approach  is  furnished  by 
comparing  the  Calvert  flora  with  the  contem- 
poraneous floras  of  Europe.  Of  the  26  Cal- 
vert species,  7  are  identical  with  and  10  are 
extremely  close  to  forms  of  the  Tortonian  of 
Europe.  The  Tortonian  has  a  very  extensive 
flora,  and  as  a  result  of  the  elaborate  analysis 
by  Heer  it  was  considered  to  indicate  a  mean 
annual  temperature  of  65^. 

Regarding  the  specific  environment  of  the 
different  Calvert  species,  I  consider  the  follow- 
ing as  denizens  of  river  or  estuary  swamps: 

Salvinia  formosa. 
Taxodium  dubium. 
NyBsa  gracilis. 

The  following  may  be  considered  as  dwellers 
on  river  bars  or  behind  coastal  sand  dunes: 


Fraxinus  richmondenfliB. 
Pinus  sp. 


Salixreeana. 
Ulmufl  baaicordata. 
Caasia  torafonnis. 
Pieris  scrobiculata. 


Platanus  aceroides. 
Berchemia  priscaformis. 
Carpinus  grandis. 


Those  which  probably  flourished  in  low  bot- 
toms, on  the  lower  flood  plains  of  streams,  are 

Carpinus  grandis. 
Planera  ungeri. 
Platanus  aceroides. 
Berchemia  priscaformis. 

Most  of  these  could  readily  live  also  in  river 
or  estuary  swamps. 

The  species  which  may  legitimately  be  con- 
sidered to  have  been  inhabitants  of  the  strand 
or  of  coastal  dunes  are 


Podogonium  virginianum. 
L^;uminoflite6  calvertensis. 
Ficus  richmondensis. 
Pieris  scrobiculata. 


Quercus  calvertonensis. 
Quercus  lehmanni. 
Quercus  chapmanifolia. 
Phyllites  cercocarpifolia. 
Csesalpinia  ovali  folia. 
Cassia  torafonnis. 


Dalbergia  calvertensis. 
Bhus  milleii. 
Ilex  calvertensis. 
Vacdnium  cf.  V.  textum. 
Celastrus  bruckmanni. 
Pinus  sp. 


All -but  Salvinia  and  Cassia  were  probably 
arborescent,  and  Cassia  may  have  been.  All 
the  dicotyledons  except  Fraxinus,  Carpinus, 
Platanus,  Ficus,  and  Quercus  calvertonensis 
show  marked  reduction  of  the  leaf  laminae, 
clearly  indicating  a  sandy  habitat  or  a  swamp 
habitat,  the  latter  being  physiologically  dry 
and  in  its  effe<$ts  much  like  the  former. 

The  leaves  of  the  oaks,  Berchemia,  Podogo- 
nium, PhyUites  cercocarpifolia,  Dalbergia,  Rhus, 
Ilex,  Vaccinium,  and  Celastrus  are  coriaceous 
or  subcoriaceous,  and  those  of  the  Pieris  are 
tomentose,  both  features  tending  to  prevent 
transpiration  and  indicating  a  physiologically 
dry  habitat  as  well  as  exposure  to  abundant 
sunshine. 

In  comparing  the  two  localities,  that  at 
Richmond  clearly  indicates  a  low  coast  which 
was  lined  with  cypress  swamps  and  in  which 
the  very  inconsiderable  run-oflf  carried  only 
the  finest  muds.  That  in  the  District  of  Co- 
lumbia, in  its  small-leafed  oaks,  Hex,  Vacci- 
nium, Pieris,  and  abimdance  of  Leguminosse, 
as  clearly  indicates  a  r^ion  of  dunes  compara- 
ble with  the  present  Santa  Rosa  Peninsula,  be- 
tween Pensacola  Bay  and  the  Gulf  of  Mexico. 

Physical  conditions  may  produce  decided 
differences  in  the  flora  of  the  continental  mar- 
gin and  the  marine  life  of  the  sea  which  washes 
it,  as  for  example  in  the  English  Pliocene,  where 
the  only  avenue  of  immigration  for  terrestrial 
plants  and  fresh-water  mullusks  was  from  the 
south,  while  the  only  avenue  of  immigration 
for  the  marine  fauna  lay  in  the  cool  currents 
that  entered  the  North  Sea  from  the  north. 
However,  the  Calvert  fossils  do  not  represent  a 
northward  extension  of  the  south  Atlantic  and 
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Gulf  flora  along  the  Coastal  Plain  and  a  south- 
ward migration  of  a  marine  shallow-water  fauna 
in  the  opposite  direction  along  the  coast,  but 
both  floral  and  faunal  evidence  are  in  accord. 
In  this  connection  it  is  of  interest  to  call 
attention  to  the  fact  that  five  of  the  Calvert 
plants  occur  in  the  late  Eocene  or  Oligocene 
of  western  Greenland,  in  latitude  70°  N.  This 
Arctic  flora  I  believe  to  be  contemporaneous 
with  those  more  southern  floras  of  the  late 
Eocene  (Jackson)  or  early  Oligocene  (Catahoula 
and  Vicksburg)  which  are  most  tropical  in  their 
facies.  It  seems  also  to  be  established  that 
with  the  gradual  lowering  of  temperatures 
during  later  Tertiary  time  this  circumpolar 
flora  spread  southward  over  North  America 
and  Eurasia. 

PBOBABLE  AQE. 

Seven  of  the  Calvert  plants,  or  26.9  per  cent, 
are  common  to  the  Tortonian  of  Europe,  and 
ten  others,  or  38  per  cent,  are  represented  in 
the  Tortonian  by  very  similar  forms.  In  view 
of  the  fact  that  these  floras  spread  into  both 
regions  from  a  common  and  equally  accessible 
source,  as  I  have  just  stated,  the  evidence  that 
the  Calvert  flora  indicates  a  Tortonian  age  is  as 
conclusive  as  intercontinental  correlations  can 
ever  be.  Compared  with  other  American  floras 
of  Miocene  age,  that  of  the  Calvert  has  little  in 
common  with  the  described  Miocene  floras  from 
Colorado,  Idaho,  Oregon,  or  California,  which 
are  all  lake  or  river  valley  floras  of  moist  up- 
land forest  types. 

CONCLUSIONS. 

The  Calvert  flora  was  a  coastal  flora  of  strik- 
ingly warm-temperate  affinities,  comparable 
with  the  existing  coastal  floras  of  South  Caro- 
lina and  Georgia  along  the  south  Atlantic  coast 
or  with  those  along  the  coast  of  the  Gulf  of 
Mexico  from  western  Florida  to  eastern  Texas. 
The  general  climatic  features  it  indicates  are 
in  accord  with  those  which  may  be  legitimately 
deduced  from  the  evidence  of  the  marine 
faunas.  The  climate  of  the  Chesapeake  Miocene 
epoch,  cooler  undoubtedly  than  that  of  the 
Apalachicola  or  preceding  epochs,  was  neither 
cold  nor  cool  t^emperate. 

The  age  indicated  by  the  Calvert  flora  is 
middle  Miocene,  or  in  terms  of  European 
geology  Tortonian. 


NEW  SPECIES  OF  PLANTS. 
Class  OTMNOSPERICJB. 

Order  CONIFBBALXS. 

Tamlly  PINACB2. 

Oenus  PLNUS  LI11116. 

PtniftBSp. 

Plate  XII,  figure  1. 

A  somewhat  macerated  seed  of  Pinus  of  the 
Pinus  ixda  type  occurs  at  Good  Hope  Hill. 
The  material  is  insuflicient  for  characterization. 

Pinna  tseda  Linn6  ranges  from  Delaware 
southward  along  the  coast  to  Texas  and  extends 
up  the  Mississippi  Valley  to  Tennessee  and 
Arkansas. 

CUss  ANGIOSPXBMJE. 

Order  FAQALXS. 

VamUy  FAQACXJE. 

Oenus  QUXBCnS  LtnnC. 

Qaercus  chapmanifolia  Berry,  n.  sp. 

Plate  XI,  figures  1,  2. 

Leaves  small,  oblong-obovate  in  general  out* 
line,  with  a  rounded  apex  and  a  wide  or  nar- 
rowly cimeate,  ultimately  slightly  roimded 
base.  Length  from  27  to  45  millimeters ;  maxi- 
mum width,  at  or  above  the  middle,  from  14 
to  30  millimeters.  Margins  entire,  slightly 
undulate.  The  lateral  margins  ascend  to  or 
above  the  middle,  where  they  curve  to  form 
irregular  and  imequaUy  developed  rounded 
lobes  subtending  usuaUy  shallow  and  open 
roimded  sinuses.  A  second  short  and  broadly 
rounded  lobe  may  be  developed,  usually  on 
only  one  side,  in  the  apical  region.  Petiole 
short  and  stout  enlarged  proximad,  2  to  3  milli- 
meters in  length.  Midrib  stout,  usually  curved 
or  flexuous,  prominent  on  the  lower  surface  of 
the  leaf.  Secondaries  of  varying  caliber  de- 
pendent on  the  extent  to  which  lobes  are  de- 
veloped; in  the  prominently  lobed  specimen 
shown  in  figure  2  a  subopposite  pair  are  stout 
and  prominent  on  the  lower  surface  of  the  leaf, 
where  the  lobation  is  feeble,  as  in  figure  4.  The 
secondaries  are  thin.  There  are  as  many  cras- 
pedodrome  secondaries  as  there  are  lobes — two 
or  three  to  a  leaf;  the  rest  of  the  secondaries 
are  camptodrome;  all  are  somewhat  irregularly 
spaced  and  rather  straight  in  their  courses. 
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their  angles  of  divergence  depending  on  the  rel- 
ative width  of  the  leaves.     Texture  coriaceous. 

This  significant  new  species  is  rather  clearly 
marked  off  among  previously  described  fossil 
forms.  Among  existing  forms  its  size  and 
general  outline  as  well  as  its  limits  of  variation 
are  almost  exactly  those  of  Quercus  chapToani 
Salient.  This  may  be  readily  seen  without 
extended  discussion  by  the  ink  prints  of  the 
leaves  of  the  latter  species  introduced  for  com- 
parison and  shown  in  figures  3  to  8  of  Plate  XI. 

This  similarity  is,  I  believe,  an  indication  of 
relationship,  and  in  its  light  the  habitat  of  the 
existing  species  becomes  of  special  interest. 
Quercus  chapmani  is  a  small  tree,  or  more  com- 
monly a  shrub,  inhabiting  sandy  barrens  near 
the  coast,  of  rare  occurrence  from  South  Caro- 
lina to  Florida  along  the  Atlantic  coast,  reach- 
ing its  maximum  of  abundance  and  develop- 
ment along  the  Gulf  coast  of  western  Florida 
from  the  shores  of  Tampa  Bay  to  Pensacola. 
The  leaves  figured  come  from  the  Santa  Rosa 
Peninsula,  where  it  is  typicaUy  developed  and 
where  the  environment  is  comparable  with  that 
of  Miocene  time  along  the  shores  of  the  shallow 
Calvert  sea. 

Occurrence:  Good  Hope  road,  Anacostia 
Heights,  D.  C. 

Qnercns  lehmanni  HoUick. 

Plate  XI,  figures  »-ll. 

Quercus  lehnumnx.    HoUlck,  Miocene,  p.  483,  figs.  la,  lb, 
Maryland  Geol.  Survey,  1904. 

■ 
This  species  was  briefly  described  by  Hol- 

lick  in  1904.  Recent  material  collected  from 
the  type  locality  enables  me  to  give  the  follow- 
ing somewhat  fuller  characterization: 

Leaves  small  and  narrow,  oblong  in  general 
outUne.  Length  from  21  to  38  millimeters; 
maximum  width,  across  the  median  marginal 
lobes,  from  14  to  17  milUmeters.  Apex 
conically  pointed.  Base  broadly  rouhded, 
generally  somewhat  inequilateral.  Margins 
with  one  to  three  irregularly  spaced  reduced 
lobes  on  each  side;  these  lobes  are  more  or 
less  developed,  short,  and  conical  and  are  httle 
more  than  coarse  teeth;  they  subtend  usually 
open  sinuses,  although  in  some  specimens  the 
lobes  are  directed  upward  instead  of  outward 
and  the  sinuses  are  correspondingly  narrow. 
Petiole  short  and  stout.     Midrib  stout,  straight, 


or  curved,  prominent  on  the  lower  surface 
of  the  leaf.  Secondaries  thin,  two  to  four 
pairs;  they  diverge  from  the  midrib  at  angles 
of  about  45°  and  ascend  in  straight  or  some- 
what flexuous  courses;  a  craspedodrome  sec- 
ondary runs  to  the  tip  of  each  lobe,  and  a  basal 
one  on  each  side  arches  along  the  lower  lateral 
margin.  Tertiaries  obsolete.  Texture  coria- 
ceous. The  lobes  are  irregularly  spaced;  if 
there  is  but  one  on  one  side  there  are  usually 
two  on  the  other,  and  if  there  are  two  on  one 
side  there  are  usually  three  on  the  other;  they 
may  all  be  above  the  middle  of  the  leaf,  as  in 
figure  9,  but  often  there  is  a  small  obUque  one 
lower  down,  as  in  figures  10  and  11.  Midway 
between  the  apex  and  the  base,  where  the  leaf 
is  consequently  widest,  they  are  subopposite, 
as  are  the  corresponding  secondaries. 

These  characteristic  leaves  are  not  uncom- 
mon, but  like  most  of  the  plant  material  in 
the  Calvert  formation  they  are  usually  much 
broken.  Their  size,  form,  and  texture  are 
indicative  of  barren  soil,  bright  sunshine,  and 
sparse  rainfall.  Compared  with  existing  spe- 
cies they  are  found  to  resemble  the  toothed 
leaves  sometimes  developed  on  Quercus  vir- 
giniana  Miller,  a  coastal  species  of  southeastern 
North  America,  which  is  also  abundant  in  the 
Pleistocene  and  which  in  the  form  of  Quercws 
previrffiniana  Berry  is  exceedingly  abundant 
in  the  Pliocene  of  the  Gulf  coast.  Most  of  the 
leaves  of  Quercus  virginiana  are  oblong, 
elliptical,  or  obovate  with  merely  undulate 
margins,  and  the  significance  of  the  occasional 
toothed  leaves  is  xmknown.  A  modem  species 
with  which  Quercus  leTimanni  may  be  more 
legitimately  compared  is  Quercus  emoryi  Torrey. 
The  latter  has  the  small  narrow  leaves  with 
rounded  bases  and  irregular  teeth.  They 
differ  somewhat  from  the  fossil  leaves  in  their 
proportions,  having  generally  a  broader  base, 
but  many  leaves  can  be  selected  that  exactly 
match  the  fossil.  Quercus  emoryi  is  a  stout 
tree  of  the  uplands  of  western  Texas  and 
southern  New  Mexico  and  Arizona,  and 
although  it  is  not  necessarily  directly  affihated 
with  this  Miocene  form  of  the  Atlantic  coast, 
it  is  not  improbable  that  the  two  forms  have 
a  common  ancestor  which  once  flourished  in 
an  intermediate  area. 

Occurrence:  Good  Hope  road,  Anacostia 
Heights,  D.  C. 
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Older  XraTICALXS. 

lunily  ULICAC&B. 

Oenus  TTIiMXTS  Llim^. 

UlmuB  baskordata  HoUlclu 

Plate  XII,  figure  2. 

XRmu8  hatkordata.    HoUick,   Miocene,   p.   484,   fig.   If, 
Maryland  Geol.  Survey,  1904. 

This  chaxacteristically  small  Ulmus  was  com- 
pared by  HoUick  with  the  cosmopolitan  Planera 
ungeri  Ettingshausen,  especially  with  the  type 
material^  from  the  late  Miocene  of  Austria. 
This  protean  and  probably  composite  species 
has  a  recorded  range  from  the  Eocene  to  the 
Pleistocene  and  a  geographic  distribution  from 
Japan  and  Manchuria  throughout  Europe  to 
North  America,  Iceland,  and  Greenland.  It 
has  been  recorded  by  me  from  the  Calvert 
formation  at  Richmond,  Va.,  and  that  material 
is  certainly  quite  distinct  from  XJlmus  basicor^ 
data,  whatever  may  be  thought  of  some  of  the 
European  records  of  Planera  ungeri. 

In  my  judgment  Ulmus  hasicordcUa  finds  its 
closest  European  relative  in  Ulmus  minuta 
Goeppert.'  This  little  species  has  been  re- 
corded from  a  large  nimiber  of  European 
localities,  ranging  in  age  from  the  middle  Mio- 
cene to  the  Pliocene.  The  American  Ulmus 
basicordata  may  be  compared  more  particularly 
with  the  material  of  Ulmus  minuta,  from  the 
Tortonian  of  Baden,  on  the  Swiss  border,  de- 
scribed by  Heer.' 

Occurrence:  Richmond,  Va.,  and  Good  Hope 
Hill,  D.  C. 

Order  BOSALSS. 

FamUy  BOSACX2. 

Oenus  PHTUilTBS  of  aulhora. 

Phyllitea  cercocarplfoUa  Berry,  n.  sp. 

Plate  XII,  figures  3,  4. 

Leaves  small,  obovate,  with  a  broadly 
roimded  tip  and  a  cimeate  base.  Length  about 
6  millimeters;  maximmn  width,  slightly  above 
the  middle,  about  3.5  millimeters.  Margins  en- 
tire, possibly  slightly  revolute.  Texture  dis- 
tinctly coriaceous.     Petiole  short  and  stout, 

1  Ettingshaoaen,  Constantin,  Fossile  Flora  von  Wien,  p.  14,  pi.  2, 
figs.  5-18, 1851. 

*  Ooeppert,  H.  R.,  Tertl&re  Flora  von  Schossnitz  in  Schlesien,  p.  31, 
pi.  14,  figs.  12-14, 1865. 

*  Heer,  Oswald,  Flora  tertiarla  Helvetiee,  vol  2,  p.  59,  pi.  79,  flgs.  9-13, 
1866;  yol.  3,  p.  181,  pi.  151,  fig.  30,  1859. 


less  than  1  millimeter  in  length.  Midrib  rela- 
tively stout  and  prominent.  Secondaries  thin 
but  prominent,  numerous,  equally  spaced  and 
subparallel;  about  seven  or  eight  subopposite 
pairs  diverge  from  the  midrib  at  acute  angles 
and  pursue  a  nearly  straight  ascending  course 
to  the  margins,  where  they  are  abruptly  camp- 
todrome.    Tertiaries  obsolete. 

This  tiny  leaf  suggests  a  relationship  with 
the  genus  Cercocarpus,  of  the  Rosaceae,  and 
the  resemblance  is  so  great  that  I  feel  justified 
in  referring  the  fossil  to  that  family.  Cerco- 
carpus is  a  small  genus  of  about  five  species 
of  trees  and  shrubs  confined  to  the  dry  interior 
and  moimtainous  regions  of  the  United  States 
and  Mexico.  The  fossil  greatly  resembles  the 
entire  leaves  of  Cercocarpus  Irevifiorus  Gray,  a 
small  tree  of  the  pine  and  oak  forests  of  the 
dry  elevated  ridges  of  southern  Arizona,  New 
Mexico,  western  Texas,  and  northern  Mexico. 
Although  I  do  not  feel  justified  in  referring  the 
fossil  to  Cercocarpus  without  more  conclusive 
evidence  I  believe  that  the  resemblance  noted 
indicates  such  a  relationship. 

Occurrence:  Benning  road,  D.  C,  near 
District  line. 

VimUy  CJBSALPINIACX2. 
Qenus  CASSIA  Idnni. 

CasBla  toraformls  Berry,  n.  sp. 

Plate  XII,  figures  6,  7. 

Leaflets  small,  sessile,  inequilateral.  Apex 
broad,  inequilateral,  slightly  emarginate.  Base 
broad,  slightly  pointed,  inequilateral.  Margins 
entire.  Leaf  substance  thin.  Length  about 
15  millimeters;  maximum  width,  slightly  below 
the  middle,  7.5  millimeters.  Midrib  of  medium 
size,  nearly  straight.  Secondaries  thin,  about 
seven  pairs,  diverging  from  the  midrib  at  acute 
angles,  those  in  one-half  of  the  lamina  more 
acute,  sweeping  upward  in  ascending  sub- 
parallel  curves,  parallel  with  the  lower  lateral 
mai^gins,  camptodrome.  Tertiaries  thin,  of 
the  Cassia  type. 

This  species  appears  to  be  a  new  species  of 
Cassia,  although  it  may  represent  an  allied 
genus  of  the  Caesalpiniaceae.  Among  the 
hundreds  of  existing  species  there  are  a  number 
very  similar  to  the  fossil,  which  I  have  named 
from  its  resemblance  to  the  existing  Cassia 
tora  Linn6,  an  annual  of  sandy  soils  ranging 
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from  Virginia  southward  to  Florida,  Cuba,  and 
tropical  America. 

The  fossil  species  are  numerous  and  range 
from  the  Upper  Cretaceous  to  the  present. 
Among  previously  described  fossil  forms  Cassia 
ioraformis  is  identical  with  some  of  the  leaves 
from  the  Tortonian  of  Oeningen,  Baden,  which 
Heer  ^  refers  to  Cas8%a  lignihim  Unger.  It  is 
also  very  similar  to  Csesalpinia  escheri  Heer,* 
from  Oeningen. 

Occurrence:  Good  Hope  Hill,  D.  C. 

Older  BAFINDALSS. 
I'kmily  niCACSJE. 
Oeniu  lUBZ  Idim^. 
Dez  cwlreriensia  Berryt  n.  sp* 

Plate  XII,  figaie  8. 

Leaves  small,  ovate  in  general  outline,  ¥dth 
a  bluntly  pointed  apex  and  base,  the  latter 
slightly  inequilateral.  Length  about  16.5  mil- 
limeters; maximum  width,  midway  between 
the  apex  and  base,  about  7  millimeters.  Mar- 
gins entire  for  most  of  their  length,  apically 
with  slight  and  remote  denticulations.  Texture 
subcoriaceous.  Petiole  short  and  stout, 
about  1.75  millimeters  in  length.  Midrib  stout 
and  prominent  proximad,  attenuated  distad, 
curved.  Secondaries  thin;  five  subopposite 
pairs  diverge  from  the  midrib  at  wide  angles 
and  are  conspicuously  camptodrome  in  the 
marginal  region.     Tertiary  venation  obsolete. 

Ilex  is  a  large  genus  with  over  100  described 
fossil  species  and  over  200  existing  species.  It 
ranges  from  the  Upper  Cretaceous  to  the  pres- 
ent, and  existing  forms  are  found  in  all  tropical 
and  temperate  regions  except  western  North 
America,  Australia,  New  Zealand,  and  New 
Guinea.  The  lai^est  number  occur  in  Brazil 
and  Guiana. 

Ilex  calvertensis  may  be  compared  with  the 
existing  Hex  vomitoria  Aiton,  a  small  tree  of  the 
coastal  region  of  the  South  Atlantic  and  Gulf 
States.  It  also  resembles  Ilex  vomitoriafolia 
Berry,  a  coastal  form  of  the  lower  Eocene 
(Wdcox  group)  of  the  Mississippi  embayment, 
with  which  it  may  be  affiliated. 

Occurrence:  Good  Hope  Hill,  D.  C. 

1  Heer,  Oswald,  Flora  tertiaria  Helyetis,  toL  3,  p.  121,  pL  138,  figs. 
23-28,1850. 
*  Idem,  p.  Ill,  pi.  155,  fig.  21.     ' 


Older  BHAMNALSS. 

Family  BHAMKAGXX. 

Genus  BEBGHSMIA  Necker. 

Berchemia  prlgcaformis  Berry,  n.  sp. 

Plate  XII,  figures  11, 12. 

Leaves  small,  lanceolate,  with  equally  acumi- 
nate apex  and  base.  Length  about  13  milli- 
meters; maximum  width  between  apex  and  the 
base,  about  5.5  millimeters.  Margins  entire, 
slightly  undulate  corresponding  with  the  camp- 
todrome endings  of  the  secondaries.  Texture 
subcoriaceous.  Petiole  relatively  long  and 
slender,  about  2  millimeters  in  length.  Midrib 
relatively  stout,  somewhat  curved,  prominent 
on  the  lower  surface  of  the  leaf.  Secondaries 
thin  but  prominent,  numerous;  seven  or  eight 
pairs  diverge  from  midrib  at  regular  intervals 
and  acute  angles,  curving  slightly  and  sub- 
parallel,  camptodrome  close  to  the  margins. 
Tertiaries  mostly  obsolete,  a  few  percurrent 
ones  seen. 

This  characteristic  little  species  is  scarcely 
distinguishable  from  the  smaller  and  more 
lanceolate  leaves  of  Berchemia  scandens  (Hill) 
Trelease,  a  high-climbing  shrub  frequenting 
low  woods  from  Virginia  to  Florida  and  from 
Missouri  to  Texas.  The  genus  contains  about 
10  existing  species,  the  others  being  natives  of 
Asia  and  tropical  Africa.  About  half  a  dozen 
fossil  species  have  been  described.  These 
include  a  rare  form  in  the  Aquitanian  of  France, 
another  in  the  Burdigalian  of  Bohemia,  species 
in  the  Pliocene  of  France  and  HoUand,  and  the 
widespread  Berchemia  multinervis  (Alex.  Braun) 
Heer.  B.  mvUinervis  has  a  recorded  range 
from  the  Tongrian  to  the  Astian  throughout 
central  and  southern  Europe.  It  has  been  iden- 
tified in  the  lower  Eocene  (Raton,  Denver,  and 
Fort  Union  formations)  of  the  Rocky  Moun- 
tain province  and  in  the  Miocene  of  Chregon. 

The  American  material  referred  to  B.  mvlti' 
nervis  is  larger  and  wider  than  the  Calvert 
species  and  has  a  more  pronounced  tertiary 
venation.  Some  of  the  smaller  leaves  of  B, 
mvltinervis  from  European  localities  are  much 
like  B.  priscaformis,  as  for  example  a  leaf  fig- 
ured by  Heer '  from  the  Tortonian  of  Oeningen, 
Baden^  which  is  but  slightly  larger  or  wider. 

I  Idem,  pi.  123,  fig.  17. 


70 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1916. 


The  Calvert  species  is  named  from  its  resem- 
blance to  Berch^mia  prisca  Saporta,*  from  the 
Aquitanian  of  Peyriac,  France,  a  very  similar 
but  slightly  more  oblong  leaf. 

Occurrence:  Good  Hope  Hill,  D.  C. 

Order  EBICALBS. 
Family  VACCINIACEJE. 
Oenus  VACdNIUM  Linn^. 
Vacciniam  cf.  V.  textmn  Heer. 

Plate  XII,  figures  14,  15. 

Several  specimens  of  a  small  oval  sub- 
coriaceous  leaf  are  indistinguishable  from 
Vaccinium  textum  Heer,'  from  the  Tortonian 
of  Oeningen,  Baden.  Heer's  description  is 
as  follows: 

V.  follus  subcoriaceis,  ovalibus,  integerrimiB,  apice 
obtufidusculis,  baai  rotundatis;  nervis  secundariifl  campto- 
dromis,  areis  reticulatis. 

The  Calvert  form  agrees  with  its  European 
contemporary  in  size,  general  outline,  and 
texture,  as  well  as  in  secondary  and  tertiary 
venation  characters.  The  only  difference  is 
the  more  acute  base  of  the  American  form. 
The  latter  feature  and  the  wide  geographic 
separation  of  the  two  occurrences  have  pre- 
vented the  direct  reference  of  the  American 
form  to  Heer's  species. 

1  Saporta,  O.  de,  Etudes  sur  la  y^tation  du  sudflot  de  la  France  k 
r^poque  tertiaire,  voL  2,  p.  338,  pi.  H,  fig.  1, 1866. 
«  Heer,  Oswald,  op.  cit.,  p.  190,  pi.  153,  tigs.  4(M2. 


The  genus  contains  about  125  existing  species 
of  wide  geographic  distribution,  especially  in 
the  temperate  and  boreal  regions  of  the 
Northern  Hemisphere.  It  occurs,  however, 
at  high  elevations  in  the  Tropics,  both  north 
and  south  of  the  Equator,  and  evidently  grew 
in  intermediate  areas  at  some  past  times. 

The  fossil  species  are  numerous  and  ranged 
from  the  Eocene  onward,  with  their  maximum 
display  during  the  Miocene,  when  they  were 
especially  abimdant  in  southern  Europe  along 
the  shores  of  the  Mediterranean  Sea  of  that 
epoch. 

Occurrence:  Good  Hope  Hill,  D.  C. 

Family  SBICACXX. 
Qenns  PUBIS  Don. 
Pleris  scrobicnlata  Hollick. 

Plate  XII,  figure  13. 

Pieris  scrobiculata,    Hollick,  Miocene,  p.  486,  tf.  Ig,  Maiy 
land  Geol.  Survey,  1904. 

This  species  was  described  by  Hollick  from 
material  obtained  at  the  Good  Hope  Hill 
locality.  He  compared  it  with  the  existing 
Pieris  nitida  (Bartram)  Bentham  and  Hooker, 
a  shrub  of  wet  woods  which  ranges  from  south- 
eastern Virginia  to  Florida  near  the  coast  and 
is  said  to  occur  also  in  Cuba.  Additional  ma- 
terial from  the  type  locality  agrees  with  the 
type  in  outline  and  texture,  but  is  only  11 
millimeters  in  length  and  5  millimeters  in 
maximum  width. 

Occurrence:  Good  Hope  Hill,  D.  C. 


PLATES  XI-XII. 
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PLATE  XI. 

Figures  1, 2.  Quereus  chapmanijolis  Beny.    Good  Hope  Hill,  D.  0. 

FiQURES  3-8.  QuercM  chapmani  Sargent.    A  modem  fonn  from  Santa  Rosa  Peninsula,  Fla. 

Figures  9-11.  Quareua  lehmanni  Hollick.  Good  Hope  Hill,  D.  C.    (Figs.  9  and  11  after  Hollick.) 
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PLATE  XII. 


Figure  1.  Pinus  sp. 

Figure  2.   Ulmu8  hasicordata  Hollick.    (After  HoUick.) 

Figure  3.  Phyllites  cercocarptfolia  Berry. 

Figure  4.  Same,  X  3. 

Figures.  Cseaalpinia  ov€ilt/oliaH.ol\ick.    (After  Hollick.) 

Figure  6.  Cassia  toraformis  Berry. 

Figure  7.  Same,  X  3. 

Figure  8.  Ilex  calverlensis  Berry. 

All  but  figure  10  from  Good  Hope  Hill,  D.  0. 


Figure   9.  Rhus  milleri  KoUick, 

Figure  10.  Same,  a  more  lobate  form  from  Richmond,  Va. 

Figure  11.  Berchemia  priscafarmis  Berry. 

Figure  12.  Same,  X  2. 

Figure  13.  Pirns  scrohiculata  Hollick.    (After  Hollick.) 

Figure  14.  Vaccinium  cf .  V.  teztum  Heer. 

Figure  15.  Tip  of  same  to  show  venation. 
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REVISION    OF   THE  BECKWITH  AND  BEAR  RIVER  FORMATIONS  OF 

SOUTHEASTERN   IDAHO. 


By  G.  R.  Mansfield  and  P.  V.  Roundy. 


INTRODUCTION  AND  SUMMARY. 

In  the  detailed  geologic  mapping  of  the 
Wayan  and  Montpelier  quadrangles,  in  south- 
eastern Idaho  and  adjacent  territory,  it  has 
been  found  necessary  to  apply  new  names  to 
strata  hitherto  referred  to  the  Beckwith  and 
Bear  River  formations  or  to  portions  of  the 
Laramie  as  mapped  by  the  Hayden  Survey. 
The  two  quadrangles  are  contiguous,  and  the 
Montpelier  quadrangle  lies  south  of  the  Wayan. 
They  occupy  the  corner  of  the  State  and  include 
a  very  narrow  strip  in  northeastern  Utah  and 
a  somewhat  broader  strip  in  western  Wyo- 
ming. They  lie  between  parallels  42®  and  43® 
N.  and  meridians  111®  and  111®  30'  W.  The 
Wayan  30-minute  quadrangle,  the  topographic 
map  of  which  has  not  yet  been  published,  con- 
sists of  four  15-minute  quadrangles,  the  Free- 
dom, Lanes  Creek,  Crow  Creek,  and  Slug  Creek. 
Topographic  maps  of  these  areas  are  now  avail- 
able. 

The  formations  to  be  discussed  extend  from 
the  northeastern  part  of  the  Montpelier  quad- 
rangle northward  through  the  eastern  part  of 
the  Wayan  quadrangle  and  thence  northward 
an  undetermined  distance,  possibly  including 
a  considerable  part  of  the  Caribou  Tlange. 
They  include  about  17,000  feet  of  strata,  luiless 
there  are  unrecognized  repetitions  by  folding  or 
faulting. 

Two  large  groups  of  beds  are  recognizable 
in  the  field.  At  first,  in  accordance  with  earlier 
interpretations,  these  groups  were  assigned 
respectively  to  the  Beckwith  formation,  of 
Cretaceous  and  Jurassic  age,  and  the  Bear 
River  formation,  of  Upper  Cretaceous  age. 
On  the  maps  of  the  Hayden  Survey  both  are 
included  in  the  Laramie.  There  is,  however, 
considerable  lack  of  agreement  both  lithologic- 
ally  and  f aunally  between  these  formations  as 
exposed  in  the  district  under  discussion  and  as 
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exposed  in  the  region  of  their  type  localities. 
Descriptions  of  the  Beckwith  formation  in  the 
areas  where  it  has  been  studied  show  consider- 
able variety  in  lithologic  character.  The  fossil 
content  is  meager,  and  there  is  imcertainty 
about  the  upper  limit  of  the  formation. 

The  Bear  River  formation  has  long  been 
known  and  has  been  studied  by  many  geolo- 
gists. It  has  a  distinctive  faima  and  nearly 
as  distinctive  a  lithology.  The  lack  of  agree- 
ment between  the  beds  in  the  Wayan  quad- 
rangle heretofore  called  Bear  River  and  the 
typical  Bear  River  is  so  marked  as  to  raise  the 
question  whether  any  of  these  beds  can  prop- 
erly be  assigned  to  that  formation.  The  beds 
in  the  Wayan  quadrangle  resemble  somewhat 
the  Kootenai  of  Montana  and  Canada  and  may 
in  part  represent  that  formation.  They  may 
furnish  a  connecting  link  between  the  Kootenai 
and  the  Bear  River. 

The  strata  in  this  area  that  were  formerly 
called  the  Bear  River  are  here  assigned  to  the 
Wayan  formation,  of  Cretaceous,  possibly 
Lower  Cretaceous  age,  and  the  so-called  Beck- 
with is  divided  into  seven  formations,  of  which 
the  lower  two  are  marine  formations  of  Juras- 
sic age,  and  the  remaining  five  are  nonmarine 
formations  assigned  to  the  Gannett  group,  of 
Cretaceous  ( ?)  age.  This  paper  gives  a  state- 
ment of  the  stratigraphic  problems  mvolved 
and  a  description  of  the  formations.  The 
writers  are  indebted  to  Mr.  T.  W.  Stanton  for 
examination  of  the  fossils  and  for  helpful  sug- 
gestions. 

GENERAL  STRATIGRAPHY  OF  THE  AREA. 

The  stratigraphic  sequence  in  southeastern 
Idaho  is  remarkably  full,  all  the  great  Paleo- 
zoic and  later  systems  being  represented.  The 
Paleozoic  formations  are  identical  in  name  and 
number  with  the  corresponding  formations  of 
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northern  Utah  described  by  Richardson,* 
except  that  the  Threeforks  limestone  has  not 
been  recognized.  The  Idaho  formations  dif- 
fer somewhat  in  thickness  and  character  from 


those  of  the  Utah  section.  The  subjoined  table 
shows  the  general  character  of  the  Mesozoic 
formations  of  the  region  and  the  relations  of 
the  formations  here  discussed  to  the  others. 


M€902oic  formations  in  totUheaatem  Idaho, 


System  and  series. 

Fonnation. 

Character. 

Thickness 
(feet). 

Cretaceous  (Lower  Cretaceous?). 

Wayan  formation. 

Sandstones,  shales,  carbonaceous  shales, 
limestones,  some  conglomerate 

11,800 

U  nconiormity 

Gannett  group. 

rTvKee  sandstone 100 

Draney  limestone 200 

Cretaceous  (?). 

Bechler  conglomerate 1, 775 

Peterson  limestone 205 

Ephraim  conglomerate 1, 025 

3,305 

Stump  sandstone. 

Greenish-gray  sandstone,  with  massive 
calcareous  bed  at  base 

200-600 

JiiraflHir. 

Preuss  sandstone. 

Red  sandstones  and  shales 

1,300 

u  nconiormity 

Twin  Creek  limestone. 

Whitish  shaly  limestone,  some  massive 
beds 

3,500-k 

Jurassic  or  Triassic. 

Nugget  sandstone. 

Subdivided  into  four  members:    Red 
sandstone,  with  heavy  grit  at  base,  suc- 
ceeded by  chertv  limestone  and  red 
shale.    Raymond  Canyon  section 

1,900 

Ankareh  formation. 

Variable,  yellow  sugary  sandstone,  thin 
to  massive  bedded,  or  red  or  chocolate- 
colored  shale  and  sandstone,  or  mottled 
clays  and  shale  with  some  sandstone 
andi  limestone . 

750± 

TriasBic  (Lower  Triaasic). 

Thaynes  limestone. 

Limestones,  calcareous  sandstones,   and 
shales 

2,000dz 

Woodside  shale. 

Thin-bedded  calcareous  shales  and  lime- 
stones   

1,500 

THE  BECKWITH  PROBLEM. 

The  Beckwith  formation  has  been  identified 
at  several  localities  in  western  Wyoming  and 
adjacent  parts  of  Idaho  by  a  number  of  geolo- 
gists, but  present  knowledge  of  the  formation 

1  RicbardsoD,  Q.  B.,  The  Paleocoio  section  In  nortbeni  Utah:  Am. 
Jour.  Sd.,  4th  ser.,  vol.  86,  pp.  4(XMie,  1918. 


is  largely  derived  from  the  three  principal 
published  descriptions,  which  represent  more 
or  less  separated  districts  and  contain  differ- 
ences sufficient  to  warrant  a  brief  discussion. 
Their  main  features  are  set  forth  in  the  follow- 
ing table,  which  includes  also  the  correlations 
given  in  the  present  report: 


BBCEWITH  AND  BGAB  BIVEB  FOBMATIONS  OF  S0UTHEA8TBBN  IDAHO. 
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Veatch,^  who  defines  and  describes  the  forma- 
tion, divides  it  into  two  unnamed  members — 
"a  lower  red-bed  member  composed  of  inter- 
bedded  sandy  clays,  sandstones,  and  conglom- 
erates 2,500  feet  thick,  and  an  upper  member 
composed  of  rather  light-colored  interbedded 
sandstones  and  clays  with  a  thickness  of  3,000 
feet  or  more."  In  the  eastern  exposures 
within  his  district  these  two  phases  merge. 
"Just  west  of  Hilliard  these  beds,  while  having 
a  predominant  reddish  cast,  are  all  light  in 
color.  The  conglomerates,  which  near  Beck- 
with  are  deep  red,  are  here  white  to  yellow." 
Veatch  appears  not  to  have  found  fossils  in  the 
Beckwith,  but  he  refers  to  this  formation  col- 
lections of  marine  Jurassic  fossils  previously 
made  by  Stanton  at  two  localities,  one  of 
which  was  outside  of  the  district  described. 
On  the  evidence  of  these  fossils  he  refers  the 
lower  part  of  the  Beckwith  to  the  Jurassic; 
the  remainder,  he  thinks,  "contains  time  equiv- 
alents of  the  Lower  Cretaceous  and  Dakota." 

Breger*  gives  the  following  account  of  the 
Beckwith  formation  in  the  Crow  Creek  region, 
Idaho,  which  is  included  in  the  Montpelier  and 
Way  an  quadrangles: 

This  fonnatioii  consista  of  red  sandstone  and  conglom- 
erates with  two  conspicuous  gray  bands.  The  lower 
gray  band  is  a  dark  greenish-gray  calcareous  sandstone 
250  to  600  feet  thick  and  occurs  1,200  feet  above  the  base 
of  the  formation.  The  lower  1,200  feet  consists  of  red 
sandstones  and  shales,  apparently  without  conglomerates. 
The  conglomerates  seem  to  be  confined  *  *  ♦  to  the 
interval  above  the  lower  gray  band,  constituting  most  of 
the  rocks  for  a  thickness  of  850  feet.  They  are  succeeded 
by  the  second  or  upper  gray  band,  a  massive  limestone, 
more  or  less  marly  and  light  blue-gray  in  color.  This 
rock  attains  a  thickness  of  100  feet  in  Stump  Canyon  and 
northward,  where  it  forms  a  resistant  ledge  that  may 
easily  be  traced  by  its  light  color. 

Breger  makes  no  mention  of  fossils  in  the 
formation. 

Schultz  '  describes  the  formation  as  it  occurs 
in  Lincoln  County,  Wyo.,  south  of  Snake  River 
and  east  of  the  Salt  River  Range  and  the 
Absaroka  Ridge.    There  it  represents  the 

direct  northward  extension  of  the  Beckwith  formation  of 
the  eastern  belt  of  Uinta  County  [Veatch 's  area],  where  the 
conglomerate  phase  merges  with  the  upper  sandstone  and 
shale.    ♦    *    ♦    The  beds  are  composed  of  light-colored 

1  Veatch,  A.  C,  Geography  and  geology  of  a  portion  of  southwestern 
Wyoming:  U.  S.  Oeol.  Survey  Prof.  Paper  56,  pp.  57^58, 1907. 

*  Breger,  C.  L.,  The  salt  resources  of  the  Idaho-Wyoming  border, 
with  notes  on  the  geology:  U.  S.  Geol.  Survey  Bull.  430,  pp.  562-563, 1910. 

'  Schultz,  A.R.,  Geologyandgeographyofa  portion  of  Lincoln  County, 
Wyo.:  U.  8.  Geol.  Survey  Bull.  543,  pp.  30, 53, 54, 1914. 


shale,  sandstone,  and  clay.  The  sandstone  is  usually 
light  yellow,  pink,  or  white,  and  the  clay  varies  from 
yellow  or  light  pinkish  red  to  dark  purple.  With  the 
sandstone,  shale,  and  clay  are  associated  beds  of  white  to 
light  yellow  and  red  conglomerate  and  black  limestone. 
In  places  *  *  *  conglomerate  beds  constitute  an 
important  part  of  the  formation. 

Fossils  are  not  numerous,  but  Schultz  ob- 
tained collections  from  four  localities.  These 
were  examined  by  Stanton,  who  referred  three 
of  the  collections  to  the  Jurassic  and  stated  that 
the  f oiurth  was  not  sufficient  for  age  determina- 
tion but  suggested  Jurassic.  According  to 
Schultz  two  of  the  lots  "come  from  the  top  of 
the  Beckwith  and  indicate  that  it  is  Upper 
Jurassic."  The  thickness  of  the  formation  in 
the  region  ranges  from  900  to  2,400  feet. 

Lithologically  the  descriptions  given  by 
Veatch  and  Schultz  agree  fairly  well,  except 
that  in  Schultz's  area  the  red  conglomeratic 
phase  seems  not  to  be  well  developed.  In  both 
areas  sandstones  and  clays  predominate  in  the 
formation.  Conglomerates  appear  to  be  of 
relatively  minor  importance.  Veatch  makes 
no  mention  of  limestone,  but  Schultz  refers  to 
beds  of  black  limestone.  Breger,  on  the  other 
hand,  does  not  mention  clays,  but  emphasizes 
two  gray  bands,  one  of  sandstone  and  the  other 
of  Umestone,  with  an  intermediate  massive 
conglomerate.  He  also  notes  the  presence  of 
a  thick  band  of  red  sandstones  and  shales  below 
the  lower  gray  band.  Thus  he  divides  the 
formation  into  a  series  of  bands  which,  he  says, 
"maintain  these  characters  throughout  the 
area  covered  by  the  present  reconnaissance, 
*  *  *  a  distance  of  about  35  miles."  The 
formation  in  the  Wyoming  region  appears  to 
be  more  variable,  and  the  subdivisions  noted 
by  Veatch  and  Schultz  do  not  appear  to  con- 
tinue over  considerable  areas. 

The  study  of  the  Wayan  and  MontpeUer 
quadrangles  has  given  the  writers  an  oppor- 
tunity to  review  in  some  detail  Breger's  work 
on  the  Beckwith  and  to  cover  a  somewhat 
larger  area  than  he  examined.  They  have  also 
seen  the  Beckwith  northeast  and  southeast  of 
Evanston,  Wyo.,  but  have  not  been  able  to 
make  extended  observations  there.  In  the 
Idaho  region  they  recognized  the  four  bands 
described  by  Breger  and  found  three  additional 
higher  ones,  but  in  the  portions  of  the  Wyoming 
Beckwith  seen  they  did  not  observe  any  similar 
arrangement.  Perhaps  the  most  striking  dif- 
ferences noted  in  the  two  regions  were  the 
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greater  abundance  of  conglomerates  and  lime- 
stones and  more  intense  red  color  in  the  Idaho 
area  contrasted  with  the  predominance  of  sand- 
stones and  clays  of  lighter  colors  in  the  Wyo- 
ming area. 

Faiinally  there  are  several  differences  to  be 
noted.  Veatch  refers  the  lower  part  of  the 
Beckwith  to  the  Jurassic,  but  there  is  an 
element  of  doubt  in  this  reference,  because  of 
the  possibility  that  the  fossils  collected  earlier 
by  Stanton  may  have  come  from  unrecognized 
in-faulted  Twin  Creek  beds,  although  Veatch 
does  not  regard  this  as  probable.  The  upper 
beds  he  considers  Cretaceous.  Schultz  found 
Jurassic  fossils  in  the  top  of  the  Beckwith  in 
his  area,  and  yet  he  regards  the  formation 
there  as  the  direct  northward  continuation  of 
Veatch's  combined  section.  In  the  Idaho  area 
the  writers  found  marine  Jurassic  fossils  just 
at  the  base  of  Breger's  lower  gray  band,  but  the 
limestone  beds  higher  in  the  section  contain  a 
fresh-water  fauna  that  is  thought  by  Staniron 
to  be  later  that  Jurassic,  having  affinities  with 
those  of  the  Kootenai  and  Bear  River  forma- 
tions. Nothing  comparable  to  this  fresh-water 
fauna  has  yet  been  reported  from  the  other 
Beckwith  areas. 

Schultz,*  from  work  in  Wyoming  and  Utah, 
the  results  of  which  have  not  yet  been  pub- 
lished, has  come  to  look  upon  the  Beckwith  as  a 
group  rather  than  a  single  formation.  It  is 
thus  seen  that  the  term  Beckwith  as  now  used 
has  no  very  definite  meaning,  that  it  is  applied 
to  vridely  varying  beds,  some  of  which  may  not 
be  closely  related,  and  that  it  probably  covers 
beds  belonging  to  two  great  systems. 

The  writers  have  found  it  practicable  to  sub- 
divide the  beds  hitherto  called  Beckwith  in 
the  Wayan  and  Montpelier  quadrangles  into 
seven  formations,  two  Jurassic  and  five  Cre- 
taceous (?).  In  view  of  the  above  discussion 
it  seems  unwise  to  retain  the  name  Beckwith 
for  any  of  these  formations  and  new  names 
are  therefore  assigned.  Detailed  descriptions 
of  the  formations  are  given  on  pages  82-83. 

THE  BEAR  RIVER  PROBLEM. 

The  Bear  River  formation  early  attracted 
attention  because  of  its  numerous  and  well- 
preserved  fossils.     It  was  named  by  Hayden  * 

>  Personal  communication. 

*  Hayden,  F.  v.,  U.  8.  Oeol.  Survey  Terr.  Second  Ami.  Kept.,  pp. 
n-^,  1873. 


in  1873,  but  its  true  stratigraphic  position  was 
not  determined  until  nearly  20  years  later  by 
Stanton.'  In  1895  White*  gave  a  full  de- 
scription of  it,  summarizing  the  information 
available  at  that  date.  Since  then  other 
geologists  have  contributed  additional  details. 
(See  table  on  p.  80.) 

Although  the  stratigraphic  position  of  the 
Bear  River  has  been  determined,  its  relations  to 
the  underlying  formations  are  not  everywhere 
clear.  It  is  probable  that  in  some  of  the  earUer 
accounts  strata  now  assigned  to  the  Beckwith 
have  been  included  in  the  Bear  River.  The 
formation  has  not  been  recognized  outside  of 
the  region  which  extends  from  Old  Bear  River 
City,  about  9  miles  southeast  of  Evanston, 
Wyo.,  northward  through  the  Wydming  and 
Salt  River  ranges  into  the  northeastern  part 
of  Idaho.* 

In  the  Yellowstone  Park  and  extending 
northward  into  Canada  there  is  a  thick  and 
extensive  nonmarine  formation,  the  Koote- 
nai, of  Lower  Cretaceous  age,  between  which 
and  the  Bear  River  there  are  certain  affinities, 
but  the  relations  of  the  two  formations  to 
each  other  are  not  known.  In  Idaho  and 
Wyoming  there  are  great  thicknesses  of  strata 
which  have  been  assigned  to  the  Bear  River 
but  in  which  none  of  the  characteristic 
Bear  River  fossils  have  been  found.  Stan- 
ton •  comments  as  follows  on  a  collection 
made  by  Schultz  on  the  west  flank  of  the 
Caribou  Range  about  2  miles  east  of  Herman. 
Idaho: 

In  my  opinion  this  fauna  is  Cretaceous,  but  on  account 
of  the  absence  of  definitely  characteristic  forms  I  am 
unable  to  determine  whether  it  belongs  to  the  Bear  River 
formation.  Similar  imperfect  fossils  have  been  collected 
in  Montana  in  rocks  that  are  provisionally  referred  to  the 
Kootenai  formation. 

The  assignment  of  these  and  other  doubtful 
beds  to  the  Bear  River  seems  to  have  been 
based  partly  on  Uthologic  resemblances  and 
partly  on  the  actual  occurrence  in  higher  beds 
of  characteristic  Bear  River  fossils,  as  in  parts 
of  Lincoln  County,  Wyo.,'    and  of  Bonneville 

>  Stanton,  T.  W.,  Tbe  stratigraphic  position  of  the  Bear  River  format 
tion:  Am.  Jour.  Set.,  3d  ser.,  vol.  43,  pp.  9^115, 1882. 

*  White,  C.  A.,  The  Bear  River  formation  and  its  characteristic  fauna: 
U.  S.  Oeol.  Survey  Bull.  128,  1895. 
ft  Veatch,  A.  C,  op.  cit.,  p.  60. 

>  Schultz,  A.  R.,  and  Richards,  R.  W.,  A  geologic  reconnaissance 
in  southeastern  Idaho:  U.  S.  Geol.;8urvey  Bull.  530,  p.  275, 1913. 

'Schultz,  A.  R.,  Geology  and  geography  of  a  portion  of  Lincoln 
County,  Wyo.:  U.  S.  Geol.  Survey  Bull.  543,  pp.  54-59, 1914. 
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and  Fremont  counties  in  Idaho,  north  and 
northeast  of  the  Wayan  quadrangle.^ 

The  rocks  in  typical  exposures  of  the  Bear 
River  formation  may  he  described  as  dark 
shales  with  calcareous  bands  and  some  soft  gray 
sandstones,  which  are  abundantly  fossilif erous. 
A  single  section  which  may  be  regarded  as  rep- 
resentative may  be  quoted  from  Stanton's 
section  on  Stowe  Creek,'  near  the  type  locality. 

Part  of  Stanton^ $  section  on  Stowe  Creel,  Wyo, 

5.  Bear  River  formation:  Feet. 

Brown  aandstone;  dip  75®  E 20 

Soft  gray  shale 25 

Gray  sandstone 10 

Dark  shale 60 

Brown  sandstone 10 

Dark  shale  with  calcareous  bands  containing 
numerous  fossils:  Pyrguli/era  humeroMt  Cor- 

hula  pyri/ormiSf  Unto  helliplicatus 250 

Sandstone 10 

Dark  shales  with  thin  bands  of  limestone  and 
sandstone     and     occasional     carbonaceous 

seams;  many  Bear  River  fossils    400 

Gray  sandstone;  dip  75**  E 10 

Soft  shales 25 

Gray  sandstone;  dip  75'*  E 20 

840 

In  some  places  the  shales  are  sufficiently  car- 
bonaceous to  carry  thin  seams  of  coal,  but  the 
coal  is  generally  too  poor  to  be  of  economic 
importance. 

At  a  few  locaUties  in  the  Wayan  quadrangle 
there  are  dark  shales  with  calcareous  bands  in 
supposed  Bear  River  strata,  but  these  are  not 
very  fossiliferous,  and  such  fossils  as  occur  are 
not  typical  of  the  Bear  River.  The  strata  in- 
clude two  rather  prominent  sets  of  limestone 
beds,  with  which  more  or  less  dark  shale  is  in- 
terbedded,  and  great  thicknesses  of  sandstones 
and  shales,  some  of  which  are  of  an  intense  red 
color.  Lithologically  there  is  no  very  close 
agreement  between  the  rocks  of  the  Wayan 
quadrangle  and  the  typical  Bear  River,  and 
f aimally  the  relationship  is  uncertain. 

The  Kootenai  of  Canada  and  Montana  con- 
tains some  coal  beds  of  economic  importance. 
In  the  Cascade  coal  basin  of  Alberta  the  forma- 
tion includes  some  2,800  feet  of  sandstones  and 
shales  with  many  valuable  coal  seams,  there 
being  in  one  locality  as  many  as  14  beds  that 

1  Unpublished  data  collected  by  £.  G.  Woodruff  and  A.  R.  Schultz. 
s  Stanton,  T.  W.,  The  stratlgraphic  position  of  the  Bear  River  forma- 
tion: Am.  Jour.  Sci.,  3d  ser.,  vol.  43,  p.  106, 1892. 


are  possibly  workable."  In  the  Philipsburg 
quadrangle,  Mont.,^  the  Kootenai  formation  in- 
cludes 1,500  feet  of  variegated  beds,  chiefly 
sandstones  and  shales  with  some  limestones  and 
conglomerates.  The  "gastropod  limestone"' 
in  that  quadrangle  is  physically  much  like  the 
limestones  of  the  supposed  Bear  River  in  the 
Wayan  quadrangle.  It  is  described  as  a  pure 
gray  limestone  rich  in  fossils,  chiefly  fresh- 
water snails.  The  limestones  form  distinct 
beds  which  are  separated  by  shales  and  crop 
out  as  reefs.  On  fresh  fracture  the  rock  is 
dark  gray;  on  the  weathered  surface,  pale  blu- 
ish gray.  The  texture  is  coarse  and  less  com- 
pact than  that  of  the  lower  limestone.  The 
rock  is  crowded  with  spiral  shells  which  are  con- 
spicuous on  weathered  surfaces.  The  calcare- 
ous shale  interbedded  with  and  overlying  the 
gastropod  limestone  is  partly  of  an  olive-green, 
ocherous-weathering  type.  It  grades  into 
sandstones.  The  uppermost  beds  consist  of 
more  or  less  calcareous  shale,  gray  to  nearly 
black  on  fresh  fracture  but  weathering  to  blue- 
gray  or  brown ;  these  beds  virtually  grade  into 
limestone.  The  limestones  of  the  supposed 
Bear  River  in  the  Wayan  quadrangle  occur  in 
the  same  manner  as  in  the  Kootenai  of  the  Phil- 
ipsburg quadrangle,  but  they  are  not  so  fossil- 
iferous nor  so  coarse-textured,  and  the  inter- 
bedded shales  are  usually  dark  gray  to  blackish, 
although  the  olive-green  color  and  gradation  to 
sandstone  have  been  noted. 

Other  lithologic  similarities  exist  between 
the  so-called  Bear  River  of  the  Wayan  quad- 
rangle and  the  Kootenai  of  the  Philipsburg 
quadrangle  and  other  parts  of  Montana.  There 
are  also  many  differences,  among  them  being 
the  absence  of  workable  coal  in  the  Wayan 
quadrangle.  However,  the  shales  are  in  some 
places  carbonaceous,  and  near  Auburn,  Wyo., 
a  tunnel  some  40  feet  long  has  been  driven  at 
a  coal  prospect  from  which  a  few  lumps  of 
usable  coal  have  been  taken. 

No  recognizable  flora  has  been  found  in  the 
Wayan  '*Bear  River,"  but  undeterminable 
stem  fragments  have  been  taken  from  some  of 
the  olive-yellow  sandstones  above  the  band  of 

s  DowUng,  D.  B.,  Report  on  the  Cascade  coal  basin,  Alberta,  p.  8, 
Canada  Oeol.  Survey,  1907. 

« Calkins,  F.  C,  and  Emmons,  W.  H.,  Geology  and  ore  deposits  of 
the  Philipsburg  quadrangle,  ICont.:  U.  S.  Geol.  Survey  Prof.  Paper  78, 
p.  77, 1913. 

*  Idem,  pp.  77-79. 
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dark  shale  in  the  lower  part  of  the  formation^ 
and  some  pieces  of  dark  silicified  wood  have 
heen  found  in  dark-gray  sandstone  beds  close 
to  the  top  of  the  section  studied. 

From  the  above  descriptions  it  is  clear  that 
the  differences  between  the  Wayan  "Bear 
River"  and  the  typical  Bear  River  are  so  great 
as  to  make  the  correlation  of  the  two  forma- 
tions questionable.  On  the  other  hand,  the 
agreement  between  the  beds  of  the  Wayan  area 
and  the  Kootenai  is  perhaps  not  sufficiently 
close  to  warrant  correlation  with  that  forma- 
tion imtil  such  a  correlation  is  supported  by 
further  and  more  detailed  studies.  It  seems 
likely  that  when  the  detailed  stratigraphy  of 
the  region  north  of  the  Wayan  quadrangle^ 
beyond  Snake  River,  is  better  known  the  for- 
mation will  be  found  to  grade  upward  into  the 
typical  Bear  River.  If  the  interesting  sugges- 
tion that  the  formation  should  be  correlated 
with  the  Kootenai  of  Montana  should  be  sub- 
stantiated, it  might  then  be  possible  to  deter- 
mine the  stratigraphic  relations  of  the  Kootenai 
and  the  Bear  River. 

In  the  meantime  it  seems  undesirable  to 
apply  either  term  to  the  formation  now  called 
Bear  River  in  the  Wayan  quadrangle.  To 
avoid  ambiguity  these  beds  are  named  the 
Wayan  formation.  The  great  thickness  of  the 
formation,  more  than  11,800  feet,  neither  top 
nor  bottom  being  exposed,  and  the  arrangement 
of  the  strata  suggest  that  it  may  be  subdivided 
later,  but  this  seems  inadvisable  until  detailed 
studies  have  been  carried  farther  north.  A 
more  detailed  description  of  the  formation  is 
given  on  pages  83-84. 

THE  FORMATIONS. 
FBSnSS  SANDSTONE. 

The  Preuss  sandstone  is  named  from  Preuss 
Creek,  in  the  northeastern  part  of  the  Mont- 
peUer  quadrangle,  about  12  miles  northeast  of 
Montpelier.  With  higher  formations  it  occu- 
pies a  synclinorium  extendmg  northward  from 
the  northeastern  part  of  the  Montpelier  quad- 
rangle completely  across  the  Wayan  quadran- 
gle. The  eastern  extension  of  the  southern 
part  was  not  traced,  but  the  central  and  north- 
em  parts  probably  do  not  extend  far  east  of 
the  area  studied. 

The  formation  consists  of  very  fine,  even- 
grained  sandstones  ranging  in  color  from  pale 


reddish  gray  to  deep  dull  red.  The  sandstone 
is  usually  calcareous  and  more  or  less  argiQa- 
ceous,  becoming  very  shaly  in  some  places. 
The  beds  are  generally  less  than  6  inches  thick, 
weather  to  a  dull-red  soil,  and  make  the  slopes 
of  subordinate  ridges.  A  graphic  measurement 
at  the  head  of  Thomas  Fork  valley  gives  a 
thickness  of  1,300  feet. 

A  minor  unconformity  separates  the  Preuss 
sandstone  from  the  imderlying  Twin  Creek 
limestone. 

STUMP  SANDSTONE. 

The  Stump  sandstone  is  named  from  Stump 
Peak,  at  the  head  of  the  north  fork  of  Stump 
Creek,  about  the  center  of  T.  6  S.,  R.  45  E., 
Boise  meridian  (unsurveyed).  It  consists 
mainly  of  thin-bedded  gray  to  greenish-gray 
fine-grained  sandstones  which  weather  into 
platy  fragments  about  an  inch  thick.  Near 
the  base  are  some  beds  of  compact  calcareous 
sandstone,  locally  as  thick  as  6  feet.  The 
grains  are  very  fine  and  chiefly  of  colorless 
quartz.  The  rock  tends  to  break  with  a  oon- 
choidal  fracture  and  to  ring  under  the  hammer. 
Fresh  surfaces  have  a  steel-gray  color,  but 
weathered  siutfaces  appear  velvety  brown.  In- 
stead of  ledges  these  beds  commonly  form  lines 
of  irregularly  weathered  blocks  that  at  first 
glance  resemble  trap  rock.  At  the  base  is  a 
bed  of  grit,  or  coarse-grained  sandstone,  which 
contains  marine  fossils  of  Jurassic  age.  The 
component  grains  are  colorless  quartz,  with 
some  greenish  chloritic  material,  and  the 
cement  is  calcareous  and  grayish.  The  fresh 
rock  has  a  slight  pinkish  cast,  and  weathered 
siu*faces  are  decidedly  pinkish.  This  is  prac- 
tically the  only  bed  in  the  entire  formation 
from  which  fossils  were  collected,  and  the  col- 
lections it  yielded  at  several  locahties  gave 
practically  the  same  fauna.  Fossils  identified 
by  T.  W.  Stanton  were  Ostrea  strigUectUa 
White  1,  RhynchoneUa  ?  sp.,  Camptonectes  ?  sp., 
and  Pentacrinus  sp.  A  single  collection  as- 
signed tentatively  to  the  same  or  nearly  the 
same  horizon  included  Astarte  sp.,  Trigonia 
sp.,  and  Belemnites  sp.  According  to  Mr. 
Stanton  these  forms  might  all  be  considered  as 
Twin  Creek.  They  are,  however,  separated 
from  that  formation  by  an  unconformity  and 
more  than  1,000  feet  of  unfossiliferous  sand- 
stones. 
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The  Stump  sandstone  is  usually  resistant  to 
weathering  and  forms  conspicuous  ridges,  but 
south  of  the  Halfway  House,  on  the  southern 
edge  of  the  Wayan  quadrangle,  it  forms  a  val- 
ley. The  rock  there  has  probably  been  weak- 
ened by  fracturing  or  other  structural  dis- 
turbance. 

The  essential  features  of  this  formation  are 
present  throughout  the  region  studied,  but  the 
thickness  varies  from  200  to  600  feet.  Plate 
XIII,  Ay  shows  a  typical  exposure  of  the  Stump 
sandstone. 

GANNETT  GBOtTP. 
NAME  AND  GENERAL   FEATURES. 

The  Gannett  group  is  named  from  the  Gan- 
nett HiUs,  which  lie  in  Bannock  County,  Idaho, 
and  Lincoln  Coxmty,  Wyo.,  in  the  eastern  part 
of  the  Wayan  quadrangle,  where  all  the  forma- 
tions of  the  group  are  well  exposed.  The 
Gannett  HiUs  have  been  named  in  honor  of  the 
late  Henry  Gannett,  topographer  of  the  Green 
River  division  of  the  Hayden  Survey  and  sub- 
sequently an  eminent  geographer,  who  did  the 
first  topographic  work  in  this  region. 

The  group  includes  five  distinct  subdivisions 
and  has  a  maximum  thickness  of  over  3,300 
feet.  It  rests,  with  apparent  conformity,  upon 
the  Stump  sandstone.  At  the  top  is  the  Tygee 
sandstone,  gray  and  even  grained,  followed  by 
the  Draney  limestone,  gray  and  compact. 
Below  are  the  Bechler  and  Ephraim  conglom- 
erates, separated  by  the  Peterson  limestone, 
which  is  much  like  the  Draney.  Shale  appears 
to  be  nearly  absent  from  the  group. 

The  fossils  thus  far  collected  from  the  Gan- 
nett group  are  not  distinctive,  but  they  are 
apparently  later  than  Jurassic,  so  that  the  age 
of  the  group  is  probably  Cretaceous. 

The  group  occurs  in  much  the  same  areas  as 
the  Preuss  sandstone,  but  is  confined  more  to 
the  central  portion  of  the  synclinorium. 

EPHRAIM   CONGLOMERATE. 

The  Ephraim  conglomerate,  at  the  base  of 
the  group,  is  named  from  Ephraim  Valley,  in 
sec.  36,  T.  10  S.,  R.  45  E.,  Boise  meridian,  which 
lies  in  the  formation.  The  rock  is  a  red  con- 
glomerate with  minor  amounts  of  sandstone  and 
some  thin  bands  of  gray  to  purplish  limestone. 
It  is  about  1 ,000  feet  thick  at  the  type  locality, 
but  varies  much  in  thickness  and  character,  be- 


coming in  some  regions  practically  all  conglom- 
erate with  pebbles,  some  of  which  are  nearly  a 
foot  in  diameter.  The  pebbles  represent  a  wide 
variety  of  materials,  but  perhaps  100  feet  above 
the  base  there  is  an  olive-yellow  band,  25  feet 
or  more  thick,  in  which  the  pebbles  are  almost 
exclusively  of  dark  chert,  rounded  or  subangu- 
lar,  and  generally  an  inch  or  less  in  diameter. 
The  Ephraim  conglomerate  forms  most  of  the 
mass  known  as  Red  Mountain,  in  the  north- 
eastern part  of  the  Montpelier  quadrangle, 
where  it  is  well  exposed.     (See  PL  XIII,  B.) 

PETERSON   LIMESTONE. 

The  Peterson  hmestone  is  named  from  Peter- 
son's ranch,  along  Tygee  Creek,  in  sec.  34,  T. 
7  S.,  R.  46  E.,  Boise  meridian,  east  of  which 
the  formation  is  weU  exposed.  It  is  about  200 
feet  thick,  massively  bedded  near  the  top,  and 
very  persistent  throughout  the  region  studied, 
forming  prominent  ridges  that  can  be  followed 
by  the  eye  for  miles  from  some  of  the  higher 
summits.  (See  PI.  XIV,  A.)  The  following 
fossils  from  this  hmestone  have  been  identified 
by  T.  W.  Stanton:  Unio  sp.,  Planorbis  (Gy- 
raulus)  sp.  related  to  P.  prsecursoris  White, 
Viviparus  sp.,  Goniobasis?  sp.,  and  two  dis- 
tinct species  of  Physa.  Fossils  of  similar  types 
occur  in  the  Kootenai,  Bear  River,  and  later 
formations.  The  fresh-water  gastropods  are 
not  distinctive  and  similar  forms  of  Planorbis 
are  found  in  both  the  Morrison  and  Bear  River, 
but  no  species  of  Physa  have  been  reported 
from  beds  older  than  the  Bear  River. 

BECHLER  CONGLOMERATE. 

The  Bechler  conglomerate  is  named  from 
Bechler  Creek,  which  enters  Stump  Creek  from 
the  north  about  a  quarter  of  a  mile  north  of 
the  mouth  of  Boulder  Creek,  in  T.  6  S.,  R.  45 
E.,  Boise  meridian  (imsurveyed),  in  Bannock 
County.  Bechler  Creek  is  named  in  honor  of 
G.  R.  Bechler,  topographer  of  the  Teton  divi- 
sion of  the  Hayden  Survey,  who  did  the  first 
topographic  work  in  the  region  adjoining  the 
Wayan  quadrangle  on  the  north. 

The  formation  is  composed  of  about  1,700 
feet  of  gray,  reddish,  and  '*salt  and  pepper" 
sandstones  with  interbedded  conglomerates. 
The  *^salt  and  pepper"  color  predominates, 
and  there  is  probably  over  twice  as  much  con- 
glomerate  as  sandstone.     The  proportion  of 
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sandstone^  however,  is  greater  than  in  the 
Ephraim  conglomerate.  The  pebbles  in  the 
conglomerate  are  small;  few  having  a  diameter 
of  more  than  1  inch. 

DRANEY   LIMESTONE. 

The  Draney  limestone  is  named  from  the 
Draney  ranch,  on  Tygee  Creek,  in  sec.  10,  T. 
8  S.,  R.  46  E.,  Boise  meridian.  The  limestone 
occurs  on  the  top  of  the  ridge  about  a  mile  and 
a  quarter  east  of  the  ranch.  The  formation  is 
about  200  feet  thick  and  is  fairly  massive,  the 
individual  beds  reaching  a  maximum  thick- 
ness of  li  feet.  The  rock  is  much  like  that  of 
the  Peterson  limestone,  but  is  not  so  massively 
bedded  near  the  top.  It  is  compact  and  gray, 
but  weathers  to  a  dirty-white  color.  The  fol- 
lowing fossils  from  this  limestone  have  been 
identified  by  T.  W.  Stanton:  Unio  sp.  related 
to  Z7.  vetustus  Meek,  Viviparus?  sp.,  and 
Goniobasis?  sp.,  a  simple  smooth  form  resem- 
bUng  6?:?  increhescens  Stanton  or  Amnicolaf 
creiacea  Stanton. 

TYGEE  SANDSTONE. 

The  Tygee  sandstone  is  named  from  Tygee 
Creek,  east  of  which,  in  T.  8  S.,  R.  46  E.,  the 
formation  is  well  exposed  in  association  with 
the  Draney  limestone  on  the  top  of  the  ridge 
along  the  Idaho- Wyoming  boundary.  The  rock 
is  gray  to  buff,  even  grained,  and  without  the 
greenish  or  reddish  tinges  of  some  of  the  higher 
sandstones.  The  top  is  not  exposed,  and  in 
much  of  the  region  this  sandstone  with  part  or 
all  of  the  limestone  below  it  has  been  eroded 
before  the  deposition  of  the  Wayan  formation. 
At  the  type  locaUty  about  100  feet  of  this  sand- 
stone is  exposed. 

WAYAN  FOBMATION. 

Resting  unconformably  upon  the  Gannett 
group  is  a  group  of  beds  composed  of  sand- 
stones, shales,  hmestones,  and  some  conglom- 
erates. Neither  the  top  nor  the  bottom  is 
known,  but  apparently  about  11,800  feet  of 
beds  are  exposed.  These  rocks  are  confined  to 
the  northeastern  part  of  the  Wayan  quadrangle 
and  the  region  to  the  north.  The  formation  is 
named  from  the  settlement  of  Wayan,  in  Ban- 
nock Coimty,  in  the  northwestern  part  of  the 
Wayan  quadrangle.  It  occupies  the  hills  im- 
mediately east  of  Wayan  and  appears  to  be 
broadly  divisible  into  two  imits,   the  upper 


composed  chiefly  of  alternating  sandstones  and 
shales  with  some  conglomeratic  beds,  but  with- 
out significant  limestones,  and  the  lower  com- 
prising some  eight  subdivisions,  including 
several  thick  beds  of  Umestone. 

The  lower  unit  in  the  section  exposed  in  Tin- 
cup  Canyon  includes  four  sets  of  red  beds,  three 
of  limestone  and  shale,  and  one  of  yellow  sand- 
stone. These  beds  in  ascending  order  may  be 
briefly  described  as  follows: 

1.  Beneath  the  limestone  of  the  dome  that  forms  a  fine 
arch  about  a  mile  west  of  the  mouth  of  the  South  Fork  of 
Tincup  Creek  there  is  a  suggestion  of  reddish  soil  that  may 
represent  red  beds  not  otherwise  exposed. 

2.  Gray  limestones,  weathering  whitish,  with  dark- 
colored  shales.  The  top  20  feet  is  rather  massively  bedded 
limestone;  shale  and  limestone  are  interbedded  below,  the 
proportion  of  shale  gradually  increasing  toward  the  base. 

3.  Red  beds  consisting  largely  of  red-weathering  soft 
gray  sandstone  but  including  also  some  gray  and  red  shaly 
beds  and  some  calcareous  beds.  These  rocks  generally 
form  slopes  and  soil  of  a  light-red  color,  a  brighter  color 
than  that  of  No.  5. 

4.  Bands  of  gray  limestone  in  dark  shales.  Some  of  the 
limestone  beds  are  relatively  massive,  1}  feet  or  more 
thick,  and  project  from  the  weaker  shales. 

5.  Red  beds  with  purplish  to  reddish-gray  sandstone, 
massive  near  the  top  but  in  thinner  beds  and  associated 
with  shale  below,  the  whole  weathering  to  a  red  soil  and 
forming  fairly  smooth  slopes. 

6.  Dark  gray  to  black  shale  with  massive  buff  limestone 
near  the  top  and  thinner  beds  of  limestone  below.  (See 
PI.  XIV,  B.) 

7.  Greenish-gray  sandstones  and  grit,  weathering,  yel- 
low and  reddish,  usually  forming  marked  ridges  and 
rough  talus  slopes  of  large  blocks.  The  sandstone  becomes 
conglomeratic  in  places. 

8.  Red  to  purplish  sandstone  with  some  shaly  and  some 
calcareous  beds. 

Some  of  these  subdivisions  may  be  recog- 
nized north  and  south  of  Tincup  Canyon,  but 
their  structure  is  complex,  they  appear  to  vary 
in  lithology  and  thickness,  and  they  are  in 
places  not  well  expressed  topographically.  For 
these  reasons  it  is  not  yet  practicable  to  map 
them  separately.  Their  combined  thickness  is 
estimated  at  about  2,800  feet. 

The  upper  imit  of  the  formation,  if  there  is  no 
reduplication  by  folding  and  faulting,  com- 
prises some  9,000  feet  of  westward-dipping 
strata  that  lie  along  the  upper  coiu^e  of  Tincup 
Creek  above  the  canyon.  These  beds  are 
chiefly  red  and  gray  sandstones,  with  interven- 
ing shales  and  some  calcareous  beds.  The 
sandstones  form  a  series  of  low  ridges  and 
points,  but  the  shales  are  mainly  weathered 
into  soil-covered  areas.    Toward  the  top  yel- 
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lowish  and  brownish  sandstones  appear,  and 
the  uppermost  strata  recognized  are  shown  only 
by  fragments  of  dark-gray  siliceous  sandstone 
and  pieces  of  dark-brown  or  black  silicified 
wood  weathered  white. 

The  upper  unit  apparently  represents  the 
east  limb  of  a  broad  syncline,  the  axial  region 
of  which  is  occupied  by  the  layer  containing 
silicified  wood.  The  syncline  is  broken  on  the 
west  by  a  fault.  The  northward  continuation 
of  the  strata  and  the  structural  relations  sug- 
gest that  higher  beds  may  appear  in  that 
direction. 

The  fossils  collected  from  the  Wayan  forma- 
tion  have  come  almost  entirely  from  the  lime- 
stone  bands.  The  following  forms  have  been 
identified  by  T.  W.  Stanton:  Unio?  sp., 
Rhytophorus?  sp.,  Viviparus?  sp.,  Limnsea?, 
opercula  of  gastropods,  and  fragments  of 
fresh-water  shells.  An  unidentifiable  frag- 
ment of  bone  has  abo  been  found.  In  his  re- 
port on  the  collections  Mr.  Stanton  remarks: 


The  coUectionB  from  the  Wayan  quadrangle  fail  to 
show  any  characteristic  species  of  the  Bear  River  forma- 
tion,  and  if  the  Bear  River  is  recognized  there  it  must  be 
on  some  other  basis  than  paleontologic  correlation.  This 
is  also  true  of  the  Beck  with  formation,  for  the  reason  that 
in  its  type  area  the  Beckwith  has  yielded  so  few  fossils 
that  it  can  not  be  said  to  have  a  characteristic  fauna. 

The  few  fossils  found  in  both  the  Wayan 
formation  and  the  Gannett  group  are  poorly 
preserved  fresh-water  forms  belonging  to  Unio 
and  to  small,  uncharacteristic  gastropods  re- 
ferred to  several  genera.  There  are,  therefore, 
marked  f  aunal  similarities  between  the  Gannett 
group  and  the  Wyan  formation,  and  certain 
beds  in  both,  particularly  the  limestones,  are 
also  lithologically  similar.  These  likenesses 
sometimes  make  difficult  the  distinction  be- 
tween the  formations  where  the  similar  beds  of 
each  occur  in  proximity,  and  thus  the  uncon- 
formity between  them,  though  in  many  places 
distinct,  is  locally  hard  to  detect  and  probably 
does  not  represent  any  great  stratigraphio 
interval. 


THE  FLORA  OF  THE  FOX  HILLS  SANDSTONE. 


By  F.  H.  Knowlton. 


INTRODUCTION. 

A  knowledge  of  the  land  plants  of  the  Rocky 
Mountain  region  in  Fox  Hills  time  has  long 
been  desired,  because  the  Fox  Hills  sandstone 
lies  between  formations  that  are  abundantly 
plant  bearing.  As  the  Fox  Hills  is  a  marine 
formation,  it  probably  nowhere  carries  the  re- 
mains of  a  large  land  flora,  although,  as  it  was 
evidently  deposited  near  shore  in  rather  shal- 
low water,  it  doubtless  includes  some  small 
pockets  or  deposits  in  which  the  remains  of 
land  plants  may  be  discovered.  Isolated 
specimens  of  such  plants  have  been  found  in 
the  formation  at  several  localities,  and  the  pe- 
culiar marine  alga  Halymenites  is  at  many 
plaoes  abundant  in  its  beds,  but  never  before, 
80  far  as  I  know,  have  collections  so  large  as 
those  here  considered  been  described  and 
figured. 

The  type  locality  of  the  Fox  Hills  sandstone 
is  near  Fox  Ridge,  between  Cheyenne  and  Mo- 
reau  rivers,  S.  Dak.  Its  thickness  at  this 
place  reaches  about  325  feet  and  in  near-by 
areas  in  North  and  South  Dakota  ranges  from 
25  feet  or  less  to  450  feet.  At  a  few  places 
where  the  underlying  and  overlying  formations 
occur  and  it  should  theoretically  be  present  it 
may  be  entirely  absent,  as  at  a  locaUty  on 
Worthless  Creek,  S.  Dak.,  reported  by  Calvert.* 
In  the  Denver  Basin  in  Colorado,  according  to 
Eldridge,*  the  formation  has  a  normal  thick- 
ness of  800  to  1,000  feet,  and  at  only  one  local- 
ity does  its  thickness  fall  to  500  feet.  Later 
students  of  the  geology  of  Colorado  have  been 
inclined  to  reduce  its  thickness  in  this  region 
greatly,  perhaps  to  restrict  it  to  little  more 
than  the  upper  100  feet  of  the  beds  it  now  in- 
cludes, but  according  to  T.  W.  Stanton  there  is 

1  Calvort,  W.  R.,  Geology  of  the  Standing  Rock  and  Cheyenne  River 
Indian  reeervationa.  North  and  South  Dakota:  U.  8.  Oeol.  Survey 
BoIL  575,  p.  18,1014. 

a  Eldridge,  O.  H.,  Geology  of  the  Denver  Basin  in  Colorado:  IT.  8. 
Oeol.  Survey  Kon.  27,  p.  71, 1896. 


no  obvious  faunal  evidence  for  changing  the 
established  line  between  the  Fox  Hills  and  the 
underlying  Pierre  shale. 

The  material  on  which  the  following  notes 
are  based  comes  from  the  Greeley  quadrangle, 
Colo.  Part  of  it  was  obtained  by  T.  E. 
Williard,  of  the  United  States  Geological  Sur- 
vey, during  the  field  season  of  1914,  at  two 
localities,  one,  affording  the  larger  collection,  on 
Wildcat  Mound,  about  2^  miles  south  of  Milli- 
ken,  and  the  other  on  the  north  side  of  Thomp- 
son Creek  about  1^  miles  northeast  of  Milliken. 
The  matrix  in  which  the  plant  remains  occur  is 
a  yellowish-brown,  rather  coarse  sandstone, 
and  the  leaves  are  fragmentary  or  so  curled  up 
that  it  is  difficult  to  procure  perfect  specimens. 
The  exact  position  of  the  plant-bearing  beds  in 
the  local  section  was  not  determined,  though 
according  to  Mr.  Williard  they  are  probably 
within  100  feet  of  the  top.  They  are,  however, 
undoubtedly  below  beds  containing  a  typical 
Fox  Hills  fauna. 

In  1915  these  localities  were  visited  by  T.  W. 
Stanton,  who  was  able  to  confirm  Mr.  Williard's 
observations  concerning  the  stratigraphic  rela- 
tions of  the  plant-bearing  beds.  He  also  ob- 
tained additional  material  about  a  quarter  of  a 
mile  east  of  Mr.  Williard's  locality  northeast  of 
MiUiken,  but  apparently  in  beds  at  nearly  the 
same  level,  about  21  feet  below  the  top  of  a 
massive  sandstone  in  the  Fox  Hills  and  prob- 
ably 100  feet  below  the  top  of  the  formation. 

The  occurrence  of  fossil  plants  in  this  general 
region  in  the  midst  of  or  at  least  below  well- 
defined  marine  beds  has  long  been  known, 
though  apparently  this  is  the  first  material 
that  has  been  found  so  well  preserved  as  to 
permit  adequate  description.  In  1873  Steven- 
son '  found  abundant  plant  remains  at  a  local- 
ity which  must  have  been  the  same  as  or  near 
the  one  that  has  afforded  the  present  collec- 

>  Stevenson,  J.  J.,  RepcH't  on  the  geology  of  a  portion  of  Colorado: 
V.  8.  Geog.  Surveys  W.  100th  Mer.  Rept.,  vol.  3,  p.  406, 1875. 
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tions.  Concerning  this  locality  he  wrote  as 
follows: 

Following  this  rock  [Cretaceous]  down  the  South  Platte 
River,  we  find  the  lower  part  of  the  section  well  exposed 
for  many  miles  below  the  junction  of  St.  Vrains  Creek 
and  the  river.  Here,  at  a  horizon  above  that  of  the  Platte- 
ville  coals,  the  exposure  is  similar  to  that  at  Canon  City. 
At  the  river  level  are  shales,  argillaceous  and  arenaceous, 
gradually  passing  upward  into  a  bluish-gray,  very  friable 
sandstone,  on  which  rests  a  red  friable  sandstone  contain- 
ing many  thin  layers  which  are  slightly  calcareous.  Owing 
to  the  superior  hardness  of  the  calcareous  layers  this  red 
sandstone,  in  weathering,  assumes  eccentric  forms  similar 
to  those  common  on  Monument  Creek  and  illustrated  in 
Dr.  Hayden*s  reports.  The  harder  layers  are  richly  fos- 
siliferous.  Some  of  them  are  made  up  almost  wholly  of 
Halymenites  major  Lesquereux,  others  literally  crowded 
with  remains  of  MoUusca,  and  one  contains  many  leaves 
of  dicotyledonous  plants.  The  shale  section  overlies  the 
important  coal  beds  at  Platteville  and  b  traceable  down 
the  river  for  a  long  distance,  the  dip  in  that  direction 
being  very  slight.  Near  Evans  and  in  the  highest  portion 
of  the  sandstone  the  layers  containing  the  fucoid  alternate 
with  those  containing  MoUusca,  and  the  leaf  bed  is  under- 
laid and  overlaid  by  both  fucoidal  and  molluscan  layers. 
Unfortunately  the  impressions  of  the  leaves  are  not  sharp, 
and  but  one  specimen  was  preserved. 

As  certain  of  his  observations  made  in  1873 
had  been  called  in  question,  Stevenson  revis- 
ited the  locality  in  1878,  and  the  results  of  this 
later  visit  were  published  in  the  following  year.' 
His  observations  were  confined  mainly  to  the 
area  on  the  west  side  of  South  Platte  River 
between  St.  Vrain  and  Thompson  creeks,  and 
for  several  miles  up  these  streams.  In  low 
bluffs  both  north  and  south  of  Thompson  Creek 
he  noted  a  sandstone,  which,  he  says, 

is  bright  yellow  and  for  the  most  part  extremely  friable, 
weathering  easily  and  breaking  down  into  loose  sand. 
But  at  irregular  intervals  vertically  it  shows  thin  layers 
of  darker  sandstone,  some  of  which  are  quite  compact, 
while  others  are  flaggy,  though  they  all  resist  the  action 
of  the  weather.    ♦    ♦    * 

For  the  greater  portion,  the  soft  yellow  sandstones  are 
devoid  of  fossils,  but  here  and  there  Halymenites  major 
Lesquereux  occurs,  and  occasionally  one  stumbles  on  a 
little  nest  of  Ostrea.  The  harder  layers  are  quite  differ- 
ent, many  of  the  more  compact  being  crowded  with  the 
Halymenites,  while  most  of  the  flaggy  layers  contain  Fox 
Hills  fossils,  among  which  are  Amrnxmitea  lobatiiSy  Nucula 
cancellatay  Mactra  wanenioma^  and  numerous  other  species. 
Other  layers  are  crowded  with  fragments'  of  carbonized 
wood.  *  *  ♦  In  1873  Mr.  Kelley  discovered  a  thin 
layer  containing  impressions  of  dicotyledonous  leaves. 
But  the  leaf  specimens,  with  nearly  all  the  other  speci- 
mens obtained  during  that  visit,  were  destroyed  by  an 
accident  to  the  building  where  they  were  stored  in  Evans. 
During  my  last  visit  the  leaf  bed  could  not  be  found. 

1  SteyenMii,  J.  J.,  Note  on  the  Fox  Hills  group  of  Colorado:  Am.  Jour. 
Bci.,  3d  ser.,  vol.  17,  pp.  3<X^73, 1S79. 


In  1906  the  University  of  Colorado  sent  out 
a  scientific  expedition  to  the  northeastern  part 
of  the  State  under  the  direction  of  Prof.  Junius 
Henderson.'  Considerable  collections  of  fossils 
were  obtained,  and  among  them  was  a  single 
species  of  plant  found  by  Prof.  Henderson  near 
the  mouth  of  Thompson  Creek,  just  west  of 
Evans.  This  was  described  in  the  same  report 
by  Cockoroll  *  under  the  name '  *  Ficus  sp.  nov./' 
no  specific  name  being  given,  as  it  was  very  frag- 
mentary. It  is  undoubtedly  the  same  as  that 
here  described  as  Rhamnusf  vnUiardL 

As  nearly  as  can  be  made  out  the  locality 
described  by  Stevenson  was  visited  in  1910  by 
W.  T.  Lee,  of  the  United  States  Geological 
Survey,  who  was  especially  interested  in  study- 
ing the  relation  of  these  beds  to  the  Platteville 
coal.  Mr.  Lee  found  Fox  HiUs  invertebrates 
near  the  top  of  Wildcat  Mound  and  at  several 
lower  horizons  in  the  massive  bed  of  sandstone 
which  overlies  a  thin  bed  of  coal.  He  also 
noted  the  presence  of  dicotyledonous  leaves, 
but  did  not  collect  specimens. 

THE  FLORA. 

Although  the  known  flora  of  the  Fox  Hills 
sandstone  is  still  small,  the  importance  that 
attaches  to  it  makes  a  discussion  of  its  affini- 
ties and  relations  a  matter  of  considerable 
interest.  The  following  is  a  list  of  the  forms 
recognized : 

Halymenites  major  Lesquereux. 
Anemia  sp. 
Equisetum  sp. 

Sequoia  reichenbachi  (Geinitz)  Heer. 
Sequoia  magnifolia  n.  sp. 
Oephalotaxus?  coloradensis  n.  sp. 
Podocarpus?  stantoni  n.  sp. 
Myrica  torreyi  Lesquereux. 
Ficus  speciosissima  Ward. 
Rhamnus?  williardi  n.  sp. 
Aristolochia?  coloradensis  n.  sp. 
Viburnum  vulpinum  n.  sp. 
Phyllites  cockerelli  n.  sp. 

From  this  list  it  appears  that  only  four 
of  the  named  species  have  been  previously 
known,  the  remainder  being  new  to  science 
or  so  fragmentary  as  not  to  merit  specific 
designation.  These  foiu*  species  are  found 
also  in  the  older  beds  of  the  Montana  group — 
that  is,  m  the  beds  underlying  the  Fox  Hills. 

s  Henderaan,  JunhiB,  Scientific  expedition  to  northeastern  Colorado: 
Colorado  Univ.  Studies,  vol.  4,  p.  151, 1907. 

>  Cockerell,  T.  D.  A.,  A  new  plant  (Ficus)  from  the  Fox  HiUs  Creta- 
ceous: Idem,  p.  152. 
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Thus  Hdlymenites  majoVf  while  most  abun- 
dantly and  characteristically  developed  in 
the  Fox  Hills  sandstone,  occurs  ako  at  a 
number  of  places  in  older  beds  of  the  Montana 
group,  and  even  in  still  older  beds  of  late 
Colorado  age.  It  also  occurs  sparingly,  gen- 
erally in  reduced  size,  in  the  Cannonball 
marine  member  of  the  Lance  formation, 
which  overlies  the  Fox  Hills.  Sequoia  reich-- 
enhachi  has  a  very  wide  range  in  age,  extend- 
ing from  the  Upper  Jurassic  to  the  Upper 
Cretaceous;  it  is  especially  abundant  in  the 
Judith  River  formation  of  the  Montana  group. 
Myriea  torreyi  is  most  abundant  and  widely 
distributed  in  the  Montana  group,  but  it  is 
also  found  in  the  Laramie  and  rarely  in  post- 
Laramie  beds.  FiciLs  speciosissima  belongs 
to  a  group  of  closely  related  forms  that  range 
in  age  from  Montana  to  post-Laramie,  but 
as  at  present  known  the  species  occurs  only 
in  beds  of  the  Montana  group. 

The  form  here  described  under  the  new 
name  Sequoia  magnifolia  was  previously  known 
from  a  locaUty  recorded  as  '^  10  miles  northeast 
of  Greeley,''  which  would  be  in  the  Laramie 
area,  but  there  is  now  strong  presumptive 
evidence  that  the  species  occurs  only  in  the 
Fox  Hills  sandstone.  The  Greeley  specimen 
has  aflBnity  with  a  form  of  Montana  age. 
The  two  new  species  referred  to  Cephalotaxus 
and  Podicarpus  have  no  very  close  relation- 
ship with  forms  already  described,  though  in 
some  particulars  they  agree  with  species  from 
the  older  Cretaceous.  The  species  of  Rhamnus, 
which  is  the  most  abimdant  form  in  the 
collections  except  the  Halyxnenites,  agrees 
in  certain  characters  with  Rhamnus  degans 
Newberry,  a  species  supposed  to  come  from 
the  Laramie,  but  on  the  whole  the  two  are 
very  distinct.  The  Aristolochia  is  not  rec- 
ognized as  having  any  very  close  relatives. 
The  Viburnum  belongs  to  a  small  group  of 
species  that  range  from  the  Upper  Cretaceous 
into  the  lower  Eocene,  but  it  is  easily  sepa- 
rated from  the  others  of  this  group.  The  frag- 
ment of  a  fern  (Anemia)  resembles  several 
well-known  Upper  Cretaceous  forms,  but  it  is 
so  small  as  to  be  of  little  value. 

From  the  foregoing  review  it  appears  that 
this  little  Fox  Hills  flora  shows  distinctly 
Upper  Cretaceous  aflBnities,  being,  as  might 
be  presumed  from  its  stratigraphic  position. 


intermediate  between  the  older  floras  of  the 
Montana  group  and  the  younger  flora  of  the 
overlying  Laramie  but  having  a  preponder- 
ance in  its  resemblances  to  the  Montana. 
There  is  very  little  to  indicate  relationship 
with  floras  of  formations  younger  than  the 
Laramie — ^that  is,  the  Lance,  Fort  Union, 
and  others — but  tbe  number  of  species  is 
still  far  too  small  to  be  made  the  basis  of  any 
very  extended  generalization. 

Ecologically  this  flora  appears  to  indicate 
a  much  more  abundant  supply  of  moisture 
than  now  exists  in  the  region,  though  this 
should  naturally  follow  from  the  known  fact 
that  it  must  have  been  growing  near  the  sea, 
and  not  far  above  sea  level.  The  meager 
data  appear  to  indicate  a  warm-temperate 
climate. 

Descriptions  of  the  species  are  given  below. 

Hslymenites  mi^or  LesquereiUL. 

Halymenites  major  Lesquereux,  U.  S.  GeoL  and  Geos;. 
Survey  Terr.  Ann.  Kept,  for  1872,  pp.  373,  390,  1873; 
The  Tertiary  flora:  U.  S.  GeoL  Survey  Terr.  Rept., 
vol.  7,  p.  38,  pi.  1,  figs.  7,  8,  1878. 

This  is  undoubtedly  the  most  abundant  and 
characteristic  plant  of  the  Fox  Hills  sandstone, 
in  which  it  has  for  many  years  been  known  to 
occur.  It  is,  in  fact,  so  uniformly  present  in 
this  formation  that  it  is  almost  diagnostic, 
though  not  quite,  for  it  has  been  found  in  com- 
parative abundance  in  beds  as  old  as  the  Colo- 
rado and  more  sparsely  in  beds  yoimger  than 
the  Fox  Hills.  It  is  most  abundant  in  the 
Fox  Hills  strata,  however,  and  perhaps  grew 
in  a  greater  degree  of  perfection  during  Fox 
Hills  time.  At  certain  localities  on  Cannon- 
ball  River  and  elsewhere  in  North  Dakota 
countless  thousands  of  specimens  have  been 
noted,  and  it  is  said  to  be  almost  or  perhaps 
quite  as  numerous  at  some  places  in  Colorado. 

Anemia  sp. 

Plate  XV,  figures  6.  7. 

The  collection  from  Wildcat  Mound  contains 
two  minute  fragments  of  a  fern  that  with  little 
doubt  belongs  to  the  genus  Anemia.  As  may 
be  seen  from  the  enlarged  figures,  they  prob- 
ably represent  only  fragments  of  lateral  divi- 
sions of  a  comparatively  large  frond.  They  are 
cut  deeply  into  linear,  sharply  toothed,  rather 
obtuse  segments.    The  nervation  is  obscure. 
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Occurrence:  Wildcat  Mound,  2i  miles  south 
of  Milliken,  Colo.;  collected  by  T.  E.  Williaxd. 

Equisetiuii  sp. 

Plate  XVIII,  figure  2. 

The  specimen  here  figured  is  the  only  one  in 
the  collections  that  can  reasonably  be  referred 
to  Equisetum,  and  it  is  so  small  a  fragment 
that  under  ordinary  circumstances  it  would 
not  be  worthy  of  mention.  It  appears  to  repre- 
sent the  basal  part  of  a  segment  of  a  stem  pulled 
out  of  the  sheath.  It  is  about  2  centimeters  in 
length  and  seems  to  have  been  nearly  1  centi- 
meter in  diamet.er.  It  is  very  strongly  ribbed, 
the  number  of  ribs,  so  far  as  can  be  made  out, 
being  about  12  or  14.  It  is  so  fragmentary 
that  any  comparisons  between  it  and  described 
species  would  likely  be  misleading,  and  it  is 
left  for  future  exploration  to  establish  its 
validity. 

Occurrence:  Wildcat  Mound,  2 J  miles  south 
of  MilUken,  Colo. ;  collected  by  T.  E.  Williard. 

Sequoia  reichenbachi  (Geinlts)  Heer. 

Sequoia  reichenbachi  (Geinitz)  Heer,  Flora  foflsilis  arctica, 
vol.  1,  p.  83,  pi.  43,  figs.  Id,  2b,  5a,  1868. 

This  species  is  one  of  the  most  abundant  and 
widely  distributed  forms  known  in  this  coimtry, 
ranging  in  age  from  Upper  Jurassic  to  Upper 
Cretaceous  and  in  geographic  distribution  from 
the  Atlantic  to  the  Pacific.  It  is  especially 
abundant  and  well  developed  in  the  Montana 
group,  particularly  in  the  Judith  River  forma- 
tion, where  it  is  in  many  places  more  numerous 
in  individuals  than  all  the  other  forms  com- 
bined. Its  presence  in  the  Fox  HiUs  sandstone 
is  therefore  not  a  matter  of  surprise. 

Occurrence:  Wildcat  Mound,  2}  miles  south 
of  Milliken,  Colo. ;  collected  by  T.  E.  Williard. 

Sequoia  mmgnifolia  n.  sp. 

Plate  XV,  figures  1-3. 

Sequoia  Umgifolia  Lesquereux,  The  Tertiary  flora:  U.  S. 

Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  79,  pi.  7,  figs. 

14,  14a  [not  pi.  61,  figs.  28,  29],  1878. 
Oeinitzia  Umgifolia  (Lesquereux)  Knowlton,  U.  S.  Geol. 

Survey  Bull.  152,  p.  28  [in  part],  1898. 

There  appears  to  be  some  confusion  regard- 
ing Lesquereux's  Sequoia  longifolia.  So  far  as 
can  be  made  out,  Lesquereux  had  specimens 
of  a  long-leaved  conifer  from  Black  Buttes, 
Wyo.,  to  which  it  is  inferred  he  gave  the 


manuscript  name  Sequoia  longifolia.  Before 
this  name  was  pubUshed,  however,  specimens 
thought  to  represent  the  same  form  were  ob- 
tained from  Point  of  Rocks,  Wyo.,  and  the 
name  was  first  published  in  1876,^  under  the 
designation  ^^Sequoia  longifolia  Lesq.,  MSS.'' 
In  explanation  Lesquereux  adds:  ^' This  species 
was  already  described  from  Black  Buttes  speci- 
mens.''  I  can  not  find  that  the  name  was  ever 
published  in  connection  with  descriptions  of 
the  Black  Buttes  specimens,  and  it  seems  that 
when  Lesquereux's  description  of  the  Black 
Buttes  material  was  first  published  he  changed 
the  name  of  the  long-leaved  conifer  noted  at 
that  place  to  Sequoia  a^cumindta^  It  is  certain 
that  he  nowhere  definitely  recorded  Sequoia 
longifolia  as  coming  from  Black  Buttes,  nor 
has  it  since  been  found  there. 

If  the  above  interpretation  is  correct,  it 
establishes  Point  of  Rocks,  Wyo.,  as  the  type 
locality  for  Sequoia  longifolia  and  excludes 
Black  Buttes.  The  type  specimens  are  the 
originals  of  figures  28  and  29  of  Plate  LXI  of 
Lesquereux's  "Tertiary  flora"  and  are  Nos.  73 
and  74,  respectively,  of  the  United  States 
National  Museum  collections.  This  disposi- 
tion, however,  leaves  the  specimen  shown  im- 
der  this  name  in  figures  14  and  14a  of  Plate  VII 
of  the  ''Tertiary  flora"  still  to  be  accounted 
for.  This  specimen  is  said  by  Lesquereux  to 
have  come  from  the ''  Haley  coal  mine,  10  miles 
northeast  of  Greeley,  Colo.  (A.  C.  Peale);"  it 
is  No.  61  of  the  National  Museum  collections. 
I  was  informed  by  Dr.  Peale  that  this  state- 
ment, so  far  as  he  was  concerned,  is  in  error, 
for  he  did  not  obtain  the  specimen  and  in  fact 
was  never  at  this  locality.  Inasmuch  as 
Lesquereux  points  out  certain  marked  differ- 
ences between  the  Point  of  Rocks  and  Greeley 
specimens  and  adds  ''It  may  be,  therefore, 
that  these  specimens  represent  different  spe- 
cies," it  seems  justifiable  to  restrict  the  name 
to  the  Point  of  Rocks  specimens  and  such  oth- 
ers as  may  be  identified  with  them,  and  to 
consider  the  Greeley  specimen  as  entitled  to 
separate  standing. 

Up  to  the  present  time,  however,  the  Greeley 
specimen  has  remained  unique  and  the  exact 
locality  has  not  been  identified.    According  to 

1  L«0qu«reux,  Leo,  On  the  Tertiary  flora  of  the  North  American  Llg- 
nltlc:  U.  B.  Qeog.  and  Geol.  Survey  Terr.  Rept.  (or  1874,  p.  208, 1870. 

>  Lesquereux,  Leo,  On  some  new  species  of  fossil  plants  from  the 
Llgnitlc  formations:  U.  S.  Geol.  and  Geog.  Survey  Terr.  Bull.,  M  ser., 
No.  5,  p.  384,  Jan.  8, 1876. 
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the  geologic  map  of  Colorado  by  R.  D.  George, 
published  in  1913,  a  point  10  miles  northeast 
of  Greeley  would  be  in  an  area  of  the  Laramie 
formation,  but  now  for  the  first  time  speci- 
mens that  can  not  be  distinguished  from  the 
type  have  been  obtained  in  the  Fox  Hills 
sandstone  about  this  distance  southwest  of 
Greeley.  Whether  there  is  any  significance  in 
this  circumstance  is  impossible  to  say,  but  the 
species  has  not  been  recognized  in  the  exten- 
sive recent  studies  of  the  plants  of  the  Laramie 
in  the  Denver  Basin,  and  it  is,  to  say  the  least, 
uncertain  as  to  whether  the  Greeley  specimen 
came  from  the  Laramie  or  the  Fox  Hills. 

The  material  here  described,  which  was  ob- 
tained within  about  100  feet  of  the  top  of  the 
undoubted  Fox  Hills,  consists  of  a  dozen  or 
more  specimens  of  branches  and  branchlets  and 
two  or  three  cones.  It  is  all  more  or  less  frag- 
mentary, the  three  specimens  here  figured  being 
the  best.  The  one  shown  in  figure  2  is  indis- 
tinguishable from  the  original  Greeley  speci- 
men. It  is  a  branch  about  8  centimeters  in 
length  and  3  millimeters  in  diameter.  The 
leaves  are  broad,  linear,  rather  abruptly  nar- 
rowed to  the  base,  acuminate  at  the  apex,  and 
2.5  to  3  centimeters  in  length.  The  specimen 
shown  in  figure  3  is  13  centimeters  long  and 
shows  the  raised  bases  of  the  leaves.  The  cone 
(fig.  1)  is  very  fragmentary,  but  so  far  as  can 
be  made  out  it  is  oblong,  the  long  diameter 
being  about  4.5  centimeters  and  the  short  diam- 
eter about  2.5  centimeters.  Another  speci- 
men, too  poorly  preserved  to  figure,  is  very 
instructive.  It  is  a  thick  leafy  branch  about  7 
centimeters  long  bearing  at  the  apex  a  cone 
that  appears  to  be  of  about  the  same  size  as 
the  one  here  figured. 

As  indicated  in  the  synonymy,  Lesquereux's 
Sequoia  hngifoUa  was  at  one  time  transferred  to 
the  genus  Geinitzia,  but  the  position  and  char- 
acter of  the  cones  above  described  undoubtedly 
preclude  this  reference,  for  they  are  not  at  all 
the  cones  of  Geinitzia. 

For  the  reasons  set  forth  above,  a  new  name 
has  been  given  to  the  original  Greeley  specimen 
and  the  specimens  from  the  Fox  Hills  sand- 
stone identified  with  it. 

Occurrence:  About  1  mile  northeast  of  MilU- 
ken,  Colo.,  in  the  SE.  i  NW.  J  sec.  1,  T.  4  N., 
R.  67  W.;  probably  within  100  feet  of  top  of 
the  Fox  Hills  sandstone;  collected  by  T.  W. 
Stanton,  July,  1915. 


CephalotaxuB?  coloradensifl  n.  sp. 

Plate  XV,  figure  4. 

Branchlets  relatively  slender,  strongly 
marked  by  the  leaf  bases;  leaves  apparently 
arranged  spirally  but  disposed  in  a  single  plane 
by  torsion  of  the  petioles;  leaves  linear-lanceo- 
late, rather  abruptly  narrowed  at  the  base  to  a 
short  petiole,  narrowly  acuminate  at  the  apex; 
veins  three,  slender. 

Although  there  are  several  specimens  evi- 
dently belonging  to  this  form,  they  are  all  so 
fragmentary  that  it  is  difl^cult  if  not  impossible 
to  formulate  a  satisfactory  description  of  it. 
The  best  specimen  is  the  one  figured,  and  this  is 
only  a  fragment  of  a  branch  or  branchlet  5  or 
6  centimeters  long  and  showing  not  more  than 
six  leaves.  The  stem  is  rather  slender  for  the 
size  of  the  leaves,  though  the  leaf  bases  are 
prominent.  The  leaves  are  about  4  centime- 
ters long  and  about  4  miUimeters  broad;  there 
seem  to  be  three  nerves  or  veins,  though  appar- 
ently the  specimens  show  the  upper  side  of  the 
leaves,  and  possibly  each  leaf  has  a  single  strong 
midrib  which,  when  pressed  down  and  viewed 
from  the  upper  side,  makes  it  appear  to  be 
three-ribbed. 

The  generic  reference  is  uncertain  and  has 
been  questioned.  The  specimens  appear  to 
approach  the  living  Cephalotaxus  most  closely, 
but  it  will  require  more  and  better-preserved 
material  to  settle  the  question  with  certainty. 

Occurrence;  About  1  mile  northeast  of  Milli- 
ken,  Colo.,  in  the  SE.  J  NW.  J  sec.  1,  T.  4  N., 
R.  67  W.;  collected  by  T.  W.  Stanton,  July, 
1915. 

PodocarpiiB?  ataiitoiii  n.  sp. 

Plate  XV,  figure  5. 

Leaf  evidently  very  thick  and  leathery  in 
texture,  narrowly  lanceolate  in  shape,  sUghtly 
narrowed  below  to  a  broad,  apparently  sessile 
base,  apparently  acuminate  at  the  apex; 
nerves  five,  the  middle  one  a  Uttle  stronger 
than  the  others,  slightly  converging  in  the 
apical  portion,  outer  pair  smallest,  running  into 
the  margin  about  three-fourths  the  length  from 
the  base;  space  between  the  nerves  finely  and 
irregularly  wrinkled. 

This  form  is  represented  only  by  the  speci- 
men figured,  which  is  a  detached  leaf  now  8.5 
centimeters  long,  but  it  lacks  the  apex,  which 
would  probably  make   the  length   about   10 
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centimeters  when  complete.  The  width  is 
nearly  2  centimeters  at  the  broadest  point,  not 
far  above  the  base.  The  leaf  has  the  appear- 
ance of  haying  been  sessile  and  attached  by 
nearly  half  the  width,  but  it  is  slightly  broken 
at  this  point  and  it  may  have  had  a  short 
petiole. 

It  is  unfortunate  that  this  form  must  be 
described  from  a  single  detached  leaf,  for  an 
error  in  interpretation  is  thus  easily  possible. 
The  apex  and  point  of  attachment  can  not  be 
determined  with  absolute  certainty,  and  this 
may  mean  much  or  little  in  its  correct  alloca- 
tion. This  leaf  appears  to  be  referable  to  the 
genus  Podocarpus  in  its  broad  appUcation, 
or  better  to  the  section  Nageia,  which  is 
sometimes  accorded  separate  generic  rank. 
Thus,  in  general  appearance  this  leaf  strongly 
suggests  Nageiopsis  longifolia  Fontaine,*  from 
the  Potomac  group  of  Virginia  and  Maryland, 
though  the  latter  differs  markedly  in  having  a 
short,  slightly  twisted  petiole,  9  to  12,  usually 
10  nerves  or  veins,  and  noncoriaceous  leaf  sub- 
stance. In  discussing  the  genus  Nageiopsis 
Berry  writes  as  follows: 

The  diagnostic  characters  which  deserve  emphasis  are 
the  branching  habit,  the  persistent  leaves,  and  the  small 
veins,  which  do  not  converge  to  any  great  extent  in  the 
apex  of  the  leaf.  All  these  serve  to  distinguish  the  species 
of  Nageiopsis  from  the  cycadaceous  fronds  or  leaflets  with 
which  they  are  most  likely  to  be  confused. 

In  view  of  the  incompleteness  of  the  mate- 
rial I  have  decided  to  refer  it  to  the  genus  Podo- 
carpus with  the  query,  and  to  wait  until  better 
collections  are  obtained  before  fixing  its  posi- 
tion more  definitely.  It  is  beUeved  to  be 
sufficiently  well  characterized  in  the  above 
description  and  figure  to  permit  subsequent 
recognition. 

Occurrence:  About  1  mile  northeast  of 
MiUiken,  Colo.,  in  the  SE.  J  NW.  J  sec.  1, 
T.  4  N.,  R.  16  W.;  collected  by  T.  W.  Stanton, 
July,  1915. 

Myrtca  torreyi  Lesqaereux. 

Plate  XVII,  figure  7. 

Myrica  torreyi  Lesquereux,  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.  for  1872,  p.  292, 1873;  The  Ter- 
tiary flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p. 
129,  pi.  16,  figs.  3-10,  1878. 

This  species  was  first  recorded  from  Black 
Buttes,  Wyo.,  where  it  was  found  in  beds  then 
and  long  afterward  regarded  as   of  Laramie 


age  but  believed  by  me  to  be  slightly  younger 
than  Laramie.  Later,  however,  it  was  found 
that  this  species  was  fairly  abundant  and  widely 
distributed  in  the  beds  of  the  Montana  group, 
occurring,  for  instance,  at  Point  of  Rocks, 
Wyo.,  and  in  the  Vermejo  formation  at  Rock- 
vale,  La  Veta,  and  Walsenburg,  Colo.  It  is 
also  present  in  the  Laramie  of  the  Denver 
Basin,  having  been  found  on  Crow  Creek  about 
25  miles  southeast  of  Greeley,  Colo. 

The  only  example  noted  in  the  present  col- 
lections is  the  fragment  figured,  which  is  a 
segment  from  the  upp)er  portion  of  what  ap- 
pears to  be  a  normal  leaf  of  the  species. 

Occurrence:  Wildcat  Mound,  2 J  miles  south 
of  MiUiken,  Colo.;  collected  by  T.  E.  WiUiard. 

Ficus  spedoslasima  Ward. 

Plate  XVI,  figure  3. 

FitUM  spedonMima  Ward,  U.  S.  Geol.  Survey  Sixth  Ann. 
Rept.,  p.  552,  pi.  45,  fig.  1,  1886;  U.  8.  Geol.  Survey 
BuU.  37,  p.  39,  pi.  21,  fig.  3,  1887. 

The  collection  contains  several  leaves  of 
this  form,  the  large  one  figured  being  not  only 
the  most  perfect  one  but  the  most  complete 
leaf  in  the  whole  collection.  It  is  believed 
to  be  a  small  leaf  of  Ward's  Ficus  speciosis" 
sinui,  differing  in  being  slightly  broader  in 
proportion  to  the  length  and  not  so  deeply 
heart-shaped  at  the  base.  The  nervation  is 
of  precisely  the  same  type  in  both,  except  as 
regards  the  basal  tertiaries. 

The  specimens  also  resemble  an  unnamed 
species  of  Ficus  from  the  Vermejo  formation 
of  southern  Colorado  and  adjacent  parts  of 
New  Mexico,  but  the  latter  is  still  smaller  and 
differs  in  a  number  of  minor  particulars. 
They  are  also  very  much  like  what  Lesque- 
reux '  called  Ficiw  planicostata  latifolia,  from 
Black  Buttes,  Wyo. — in  fact,  they  hardly 
differ  except  in  size,  the  Wyoming  leaf  being 
considerably  smaller.  It  thus  appears  that 
there  are  several  forms  to  which  different 
names  have  been  given  but  which  differ  only 
in  minor  particulars,  and  it  seems  quite  pos- 
sible that  study  of  a  considerable  number  of 
each  form,  if  they  can  be  procured,  will  show 
that  they  should  be  combined  into  a  single 
species.  For  the  present,  however,  it  seems 
best  to  keep  them  apart,  and  on  account  of 
the  stratigraphic  position  of  the  leaves  under 
consideration    they    are    regarded    as    small 


1  Cf.  Beny,  E.  W.,  Maryland  Oeol.  Survey,  Lower  Cretaceous,  p.  384,         t  Lesquereux,  Leo,  The  Tertiary  flora:  IT.  S.  (teol.  Survey  Terr.  Rept., 
pl.61,19U.  '   vol.  7,  p.  202,  pi.  31,  fig.  9, 1878, 
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specimens  of  Ficu8  spedosissima,  slightly 
broader  and  less  distinctly  heart-shaped  than 
the  type. 

Occxurence:  Wildcat  Mound,  2  J  miles  south 
of  Milliken,  Colo.;  collected  by  T.  E.  Williard 
and  T.  W.  Stanton. 

Rhamnus?  wiUiardi  n.  sp. 

Plate  XVI,  figures  1,  2;  Plate  XVII,  figures  1-4. 

Ficus  sp.  Cockerell,  Colorado  Univ.  Studies,  vol.  4,  p. 
152,  1907. 

Leaves  very  thick  in  texture,  ovate-lanceo- 
late, slightly  unequal-sided,  rather  abruptly 
rounded  below  to  an  almost  truncate  base, 
very  gradually  narrowed  above  to  an  acumi- 
nate apex;  margin  perfectly  entire;  petiole  very 
strong;  nervation  exceedingly  strong,  consist- 
ing of  a  thick,  perfectly  straight  midrib,  and 
some  15  pairs  of  nearly  as  strong  secondaries, 
which  arise  at  an  angle  of  about  45**,  curve 
slightly  upward,  and  are  camptodrome,  each 
usually  curving  just  inside  the  margin  and 
joining  the  one  next  above;  nervilles  very 
numerous,  strong,  mainly  percurrent,  and 
approximately  at  right  angles  to  the  second- 
aries, with  finer  nervilles  dividing  the  areas 
between  the  main  nervilles  into  quadrangular 
areolae.  Length  about  12  to  14  centimeters; 
maximum  width,  not  far  above  the  base,  about 
5  centimeters,  though  there  are  several  leaves 
hardly  more  than  4  centimeters  wide.  The 
petiole  is  at  least  2  centimeters  long,  but  it  is 
broken  at  this  point  and  there  is  of  course  no 
means  of  knowing  how  much  longer  it  was. 
On  the  upper  side  of  the  leaf  the  midrib  and 
secondaries  and  even  some  of  the  nervilles  are 
very  deeply  impressed,  and  on  the  under  side 
they  stand  out  in  strong  relief. 

With  the  exception  of  Halymenites  this 
species  is  the  most  abundant  form  in  the  col- 
lection^ though  no  absolutely  perfect  leaf  was 
found.  The  five  leaves  selected  for  illustra- 
tion give,  however,  a  very  complete  concep- 
tion of  the  whole  leaf. 

To  judge  from  the  figure  alone  this  species 
would  appear  to  be  most  closely  related  to  or 
perhaps  even  identical  with  Rhamnus  elegans 
Newberry,*  from  Belmont,  Colo.  This  leaf  is  a 
Uttle  smaller  and  not  quite  so  abruptly  trimcate 
at  the  base,  but  in  nervation  there  appears  to  be 
very  little  difference.    The  type  specimen  of 

1  Newbwzy,  J.  8.,  The  later  extinct  floras  of  Nortli  America:  U.  8. 
OeoL  Survey  Hon.  35,  p.  117,  pi.  50,  fig.  2, 1808. 
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Rhamnus  elegans,  however,  which  is  preserved 
in  the  United  States  National  Museum  (No. 
10958),  presents  an  entirely  different  aspect. 
The  nervation  is  very  thin  and  delicate  and  the 
nervilles  are  made  out  with  much  difficulty. 
Concerning  it  Newberry  says: 

This  is  a  remarkably  neat  and  symmetrical  leaf,  botb  M 
regards  its  outline  and  nervation.  Its  lines  are  all  grace- 
ful, with  little  of  the  rigidity  that  characterizes  the  leaves 
of  most  of  the  Rhamnacese  and  more  of  the  aspect  of  the  leaf 
of  a  lauraceous  tree,  but  the  numerous  parallel  side  nerves, 
terminating  all  in  the  margins,  form  a  character  which  the 
laurels  never  have. 

Notwithstanding  the  agreement  between  the 
leaves  in  outline,  disposition  of  nervation,  etc., 
it  is  impossible  to  believe  that  the  two  could 
belong  to  the  same  species.  They  present  a 
wholly  dissimilar  appearance  when  placed  side 
by  side. 

Some  years  ago  Prof.  Junius  Henderson,  of 
the  University  of  Colorado,  collected  a  frag- 
mentary leaf  from  the  Fox  Hills  sandstone  at 
the  mouth  of  Thompson  Creek,  just  west  of 
Evans.  This  leaf  was  described  by  Cockerell  * 
under  the  name  Ficus  sp.  nov.,  but  on  account 
of  its  fragmentary  nature  he  did  not  give  it 
a  specific  name.  His  description  in  part  is  as 
follows: 

Leaf  laige,  12  centimeters  in  diameter,  probably  about 
24  centimeters  long,  apparently  very  thick,  with  pinnate 
veination,  and  the  margin  nearly  entire,  but  faintly 
undulate,  with  slightly  indicated  and  remote  teeth  near 
the  midrib.  Lateral  veins  (secondary)  few,  alternate, 
*  *  *  leaving  the  middle  at  an  angle  of  about  45**, 
slightly  curved,  strongly  curved  upward  toward  their 
ends,  where  they  become  parallel  with  the  midrib,  finally 
branching  and  failing  to  reach  the  maigin. 

Prof.  Cockerell  has  been  kind  enough  to  send 
me  a  photograph  of  this  specimen,  which  is  here 
reproduced  (PI.  XVII,  fig.  4).  It  shows  frag- 
ments of  three  leaves,  all  evidently  of  the  same 
species.  So  far  as  can  be  made  out,  little  if 
any  of  the  actual  margin  is  preserved  in  either 
of  the  leaves,  and  they  do  not  seem  to  agree 
very  well  with  the  description.  These  leaves 
appear  to  agree,  so  far  as  the  characters  can 
be  made  out,  with  the  specimens  collected  by 
Mr.  Williard,  and  they  have  been  so  referred. 

The  propriety  of  referring  these  leaves  to 
Rhamnus  may  perhaps  be  questioned,  and  con- 
sequently the  generic  reference  has  been 
queried. 

'Cockerell,  T.  D.  A.,  A  new  plant  (Ficus)  from  the  Fox  UUls  Cretft- 
ceous:  Colorado  Univ.  Stadieaj  vol.  4,  p.  152, 1907. 
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The  species  has  been  named  in  honor  of 
Mr.  Thomas  E.  Williard;  who  coUected  the 
specimens  figured. 

Occurrence:  Wildcat  Mound,  2i  miles  south 
of  Milliken,  and  Thompson  Creek,  1^  miles 
northeast  of  MiUiken,  Colo. ;  collected  by  T.  E. 
Williard  and  T.  W.  Stanton. 

Aiistolochia?  coloradensis  n.  sp. 

Plate  XVIII,  figure  3. 

Leaf  of  large  size  and  very  thick  in  texture, 
broadly  ovate  in  general  outline;  deeply  cor- 
date, perhaps  almost  perfoUate  at  the  base,  ob- 
tuse at  the  apex;  margin  entire  or  very  slightly 
undulate;  nervation  very  strongly  marked, 
consisting  of  a  strong,  perfectly  straight  midrib 
and  about  nine  pairs  of  secondaries,  the  three 
lower  pairs  opposite  and  approximately  at 
right  angles  to  the  midrib,  the  others  strongly 
alternate,  at  an  angle  of  about  45°  and  curved 
upward  especially  above;  many  of  the  secon- 
daries, especially  in  the  lower  part  of  the  leaf, 
are  forked  near  or  above  the  middle  and  pro- 
duce first  a  series  of  very  laige  veins,  then  a 
smaller  series  outside;  nervilles  very  prominent, 
obUque  to  the  secondaries,  mainly  broken 
though  occasionally  percurrent;  finer  nervation 
not  preserved.  Length  about  10  centimeters; 
width  about  11  centimeters. 

This  large  and  very  strongly  marked  species 
is  represented  only  by  the  specimens  figured. 
It  is  so  curled  and  wrapped  around  that  it 
could  not  be  photographed  and  has  been  drawn 
with  pen  and  brush  as  well  as  it  could  be  made 
out.  The  peculiar  branching  of  the  seconda- 
ries, especially  in  the  lower  part  of  the  blade, 
is  well  brought  out  in  the  figure.  The  large 
loops  with  the  smaller  ones  outside,  as  well  as 
the  numerous  strong  nervilles,  are  also  well 
shown. 

There  is  some  imcertainty  about  the  proper 
generic  reference  of  this  large  and  well-marked 
leaf,  hinging  mainly  on  the  interpretation  of 
the  basal  configuration.  If  it  is  merely  very 
deeply  heart-shaped  it  may  well  enough  belong 
to  the  genus  Aristolochia,  being,  for  instance, 
not  greatly  imhke  A,  cordifolia  Newberry,^ 
especially  in  the  manner  of  forking  of  the  lower 
secondaries  with  the  large  loops  outside. 
Aristolochia  cordifolia,  as  its  specific  name  im- 

t  Newberry,  J.  8.,  The  later  extinct  florae  of  North  America:  U.  8. 
Oeol.  Survey  Mon.  35,  p.  90,  pi.  60,  flg.  4, 1898. 


plies,  is  deeply  cordate  at  the  base  and  is  also 
markedly  imequal-sided. 

If,  on  the  other  hand,  the  base  is  really  per- 
foliate it  would  suggest  certain  species  of  Pro- 
tophyllum  that  form  a  conspicuous  element  in 
the  flora  of  the  Dakota  sandstone.  These 
species,  however,  are  usually  very  different  in 
general  outline  and  also  usually  have  a  more  or 
less  incised  margin.  On  the  whole,  it  seems 
best  to  place  this  leaf  imder  the  genus  Aristo- 
lochia with  a  query.  Its  characteristic  features 
are  so  distinct  that  it  can  be  readily  identified 
if  found  again  and  thus  must  prove  a  valuable 
stratigraphic  marker. 

Occurrence:  About  2i  miles  south  of  MiUi- 
ken, Colo.,  in  sec.  24,  T.  4  N.,  R.  67  W.;  col- 
lected  by  T.  W.  Stanton,  July,  1915. 

Vlbimittin  yulplnmn  n.  sp. 

Plate  XVIII,  figure  1. 

Leaf  very  firm  in  texture,  nearly  circular  in 
outline,  sUghtly  heart-shaped  at  the  base,  ap- 
parently obtuse  and  rounded  at  the  apex; 
margin  not  preserved  but  presumably  dentate; 
nervation  veiy  strongly  marked,  consisting  of 
a  nearly  straight  midrib  and  about  five  pairs 
of  secondaries,  the  lower  pair  opposite  and  the 
others  strongly  alternate,  the  lower  ones  with 
several  stong  tertiary  branches  on  the  lower 
side,  and  all  but  the  extreme  upper  ones  with 
some  tertiary  branches;  nervilles  very  strong, 
mainly  unbroken  and  at  right  angles  to  the 
secondary  or  tertiary  branches  between  which 
they  run;  finer  nervation  not  retained. 

This  species  is  represented  only  by  the  ex- 
ample figured,  which  is  nearly  perfect  except 
that  it  lacks  the  extreme  margin.  It  is  nearly 
circular  in  shape,  being  about  9  centimeters  long 
and  8  centimeters  wide.  It  is  apparently  cras- 
pedodrome  and  presumably  ended  in  marginal 
teeth  of  some  kind,  but  this  feature  can  not  be 
ascertained  from  this  specimen. 

This  species  seems  undoubtedly  to  be  con- 
generic  with  Viburnum  antiquum  (Newberry) 
HolUck,  or  Viburnum  tilioides,  as  it  was  called 
by  Ward,'  a  species  abundant  and  widely  dis- 
tributed in  the  Fort  Union  formation.  The 
Fox  Hills  leaf  differs  from  this,  however,  in 
having  the  fewer  secondaries  at  a  more  acute 

I  Ward,  L.  F.,  Synopsia  of  the  flora  of  the  Laramie  group:  U.  S.  Oeol. 
Survey  Sixth  Ann.  Rept.,  p.  556,  pi.  61,  figs.  1-7;  pi.  62,  figs.  1-4, 1886; 
Types  of  the  Laramie  flora:  U.  S.  Geol.  Survey  Bull.  37,  p.  107,  pi.  50, 
figs.  1-3;  pi.  51,  figs.  1-8;  pi.  52,  figs.  1,  2, 1887. 
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angle  and  more  curved  upward,  but  the  size  and 
general  appearance  are  much  the  same  in  both. 
The  margins  can  not  be  compared. 

Among  living  species  both  the  present  form 
and  the  Fort  Union  species  appear  to  find 
their  closest  relationship  with  the  European 
Viburnum  lantana  Linn6  and  the  indigenous 
American  Viburmim  lantanoides  Michaux. 

Occurrence:  Wildcat  Mound,  2^  miles  south 
of  Milliken,  Colo. ;  collected  by  T.  E.  Williard. 

PhyUites  cockerelli  n.  i^. 

Plate  XVII,  figures  5,  6. 

The  collection  contains  a  number  of  small 
organisms  that  on  casual  inspection  were 
thought  to  represent  the  sheaths  of  E^uisetum, 
but  more  careful  study  discloses  that  they  can 
not  possibly  belong  to  that  genus.  They  are 
funnel-shaped  and,  so  far  as  can  be  made  out, 


entire  below.  Diameter  5  or  6  millimeters 
below  and  15  or  20  millimeters  above.  They 
are  very  strongly  ribbed;  the  ribs  are  simple 
or  apparently  in  part  forked,  and  each  rib  or 
branch  is  prolonged  into  a  long,  very  slender 
spinelike  projection.  The  number  of  these 
spines  can  not  be  made  out,  though  apparently 
there  are  more  than  10. 

The  afiinity  of  these  organisms  has  not  been 
recognized.  In  some  ways  they  suggest  a 
stipular  growth,  and  they  also  resemble  a  per- 
sistent, spiny  calyx,  such,  for  instance,  as  in 
certain  Labiateae  and  Malvaceae,  but  these 
resemblances  are  probably  purely  superficial. 

The  species  is  named  in  honor  of  Prof.  T.  D.  A. 
Cockerell,  of  the  University  of  Colorado. 

Occurrence:  Wildcat  Moimd,  2^  miles  south 
of  MiUiken,  Colo.;  coUected  by  T.  E.  WiUiard 
and  T.  W.  Stanton. 
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A  RECONNAISSANCE  OF  THE  ARCHEAN  COMPLEX  OF  THE  GRANITE 

GORGE,  GRAND  CANYON,  ARIZONA. 


By  L.  F.  Noble  and  J.  Fred.  Hunter.* 


INTRODUCTION. 

The  field  work  upon  which  this  article  is 
based  was  done  in  March  and  April,  1914. 
From  Garnet  Canyon,  near  the  west  end  of  the 
Granite  Gorge,  the  route  followed  the  Tonto 
trail  along  the  so-called  lower  plateau,  or 
Tonto  platform,  to  Red  Canyon,  at  the  east 
end  of  the  Granite  Gorge.  The  distance  cov- 
ered w^as  roughly  100  miles  measured  along  the 
trail,  or  about  40  miles  measured  along  the 
course  of  Colorado  Eiver.  Supplies  were  car- 
ried by  pack  burros,  and  Mr.  John  Walthen- 
berg  acted  as  packer  and  guide.  Stops  of  sev- 
eral days  each  were  made  at  Garnet  Canyon, 
Copper  Canyon,  Bass  Canyon,  Serpentine  Can- 
yon, Ruby  Canyon,  Turquoise  Canyon,  and 
Slate  Creek,  in  the  Shinumo  quadrangle; 
Boucher  Creek,  Hermit  Creek,  Salt  Creek,  Pipe 
Creek,  Lone  Tree  Canyon,  and  Grapevine 
Creek,  in  the  Bright  Angel  quadrangle;  and 
Cottonwood  Creek,  Hance  Creek,  and  Red  Can- 
yon, in  the  Vishnu  quadrangle.^ 

From  Hermit  Creek  eastward  the  Tonto  trail 
is  often  traveled  by  tourists  and  was  known  to 
be  in  fairly  good  shape.  The  western  part  of 
the  trail,  however,  between  Hermit  Creek  and 
Bass  Canyon,  was  not  known  to  have  been  used 
by  any  party  with  pack  animals  since  1905, 
when  the  Shinumo  quadrangle  was  topographi- 
cally surveyed,  but  progress  over  it  was  made 
with  little  difficulty.  At  only  one  place  was 
it  impossible  to  pass  without  imloading  the 
pack  animals.  This  was  at  the  head  of  the 
small  canyon  just  east  of  Serpentine  Canyon, 
in  the  Shinumo  quadrangle,  where  a  flood  and 
landslide  had  carried  away  the  narrow  ledges 

^  Field  work  by  Mr.  Noble ;  microscopic  study  of  rocks  by 
Mr.  Hunter. 

'These  three  qnadranKles  have  been  mapped  by  the  United 
States  Geological  Survey. 


of  Bright  Angel  shale  on  which  the  trail  passes 
around  the  head  of  the  canyon.  Except  Bass 
trail  and  the  trail  built  by  Mr.  Bass  between 
Bass  Canyon  and  Copper  Canyon,  there  is  now 
very  little  west  of  Hermit  Creek  that  can  prop- 
erly be  called  a  trail.  The  traveler  will  find 
the  Geological  Survey's  topographic  maps  of 
the  greatest  value  in  making  this  part  of  the 
trip,  because,  although  nearly  all  traces  of  a 
trail  have  disappeared,  the  route  marked  on 
the  maps  as  the  Tonto  trail  still  shows  the  most 
feasible  way  along  the  Tonto  platform. 

It  was  thought  that  there  would  be  difficulty 
in  finding  water  in  many  of  the  side  canyons 
where  it  was  proposed  to  camp,  because  most 
of  them  do  not  contain  living  streams,  and 
the  intermittent  underground  flow  derived 
from  the  melting  snows  on  the  sheltered  slopes 
high  under  the  south  rim  rarely  lasts  long 
after  the  opening  of  spring.  While  the  beds, 
of  most  canyons  proved  to  be  dry  for  the 
greater  parts  of  their  courses,  whether  on  bed- 
rock or  on  gravelly  waste,  water  was  always, 
found  flowing  for  a  few  hundred  yards  where 
the  stream  courses  cross  the  upper  layers  of  the 
cliff-making  Tapeats  sandstone.  Most  of  the 
camps  were  made  at  this  level  and  proved  to 
be  equally  convenient  for  the  examination  of 
the  Archean  rocks  below  the  camps  and  the. 
Paleozoic  rocks  above,  up  to  the  base  of  the 
Redwall  limestone.  During  April  the  small 
flow  of  water  was  constantly  diminishing,  and 
it  seemed  unlikely  that  there  would  be  any 
flow  whatever  by  June.  It  was  evident  that 
in  any  part  of  the  year  except  early  in  spring 
camps  at  intervals  so  short  and  in  places  so 
conveniently  situated  would  be  impossible. 

The  chief  object  of  the  excursion  was  the 
study  and  areal  mapping  of  the  Algonkian  and 
Paleozoic  formations  of  the  southern  wall  of 
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the  Grand  Canyon  in  the  Kaibab  division.  De- 
tailed sections  of  the  Tonto  group  were  made 
in  seven  places  at  intervals  of  5  or  6  miles,  and 
particular  attention  was  given  to  the  interest- 
ing imconformity  at  the  summit  of  the  Tonto 
group,  where  the  Devonian  is  present  in  some 
places  and  lacking  in  others.  Three  sections 
of  the  Carboniferous  formations  were  made, 
one  in  each  quadrangle.  Parts  of  the  three 
quadrangles  were  mapped  in  detail,  including 
all  of  the  Bright  Angel  quadrangle  south  of 
the  Granite  Gorge,  all  of  the  Shinumo  quad- 
rangle south  of  the  Granite  Gorge  as  far  west 
as  Garnet  Canyon,  and  all  of  the  Vishnu  quad- 
rangle south  of  the  Granite  Gorge  and  west  of 
Eed  Canyon. 


are  unknown.  It  was  realized  that  if  the 
Archean  could  be  examined  at  short  intervals 
through  the  Granite  Gorge  it  would  at  least 
be  possible  to  determine  definitely  the  petro- 
graphic  character  of  many  of  the  rocks,  and  a 
foundation  would  be  laid  for  future  detailed 
study.  Something  might  also  be  learned  of 
their  origin  and  structure.  It  was  therefore 
decided  to  make  this  reconnaissance,  and  the 
results  are  set  forth  in  the  present  paper.  A 
second  paper  will  be  devoted  to  the  detailed 
discussion  of  the  Paleozoic  rocks,  and  another 
to  a  description  of  the  faults  in  the  Grand 
Canyon  on  the  south  side  of  the  river.  The 
location  of  the  known  Archean  rocks  in  the 
Grand  Canyon  is  shown  in  figure  9. 


FiOCBB  9. — Key  map  of  northwestern  Aiixona  showing  location  of  exposures  of  Archean  rocks  in  the  Grand  Canyon.  I, 
Granite  Gorge  of  Kaibab  division  (described  in  this  paper)  ;  II,  Lower  Granite  Gorge;  III,  Granite  Gorge  of  ShlTwits 
diylsion. 


It  had  not  been  intended  originally  to  make  j 
any  examination  of  the  Archean  rocks,  because 
an  adequate  study  of  their  character  and  struc- 
tural relations  would  take  at  least  as  much 
time  as  the  writer  had  planned  to  devote  to 
the  entire  trip.  On  arrival  in  the  canyon,  how- 
ever, it  was  found  that  it  would  not  be  difficult 
to  get  down  to  the  Archean  from  camp  in  each 
of  the  larger  side  canyons  and  devote  a  part  of 
the  time  spent  in  each  camp  to  the  study  of 
these  rocks.  Greologic  literature  concerning 
the  Archean  complex  of  the  Grand  Canyon  is 
very  meager,  and  even  the  fundamental  facts 
of  the  lithology  and  distribution  of  the  rocks 


GEOGRAPHY. 

Three  elements  in  the  topography  of  the 
Grand  Canyon  below  the  Redwall  in  the  Kai- 
bab division  that  are  important  to  the  geologist 
who  wishes  to  study  the  Archean  are  the  Tonto 
platform,  the  Tapeats  cliff,  and  the  Granite 
Gorge.  All  are  intimately  related  to  geologic 
structure. 

The  Tonto  platform,  locally  misnamed  the 
^^  lower  plateau,^'  is  the  wide  ledge  left  in  the 
interior  of  the  canyon  by  the  wasting  back  of 
the  relatively  weak  Bright  Angel  shale  from 
the  summit  of  the  underlying  resistant  Tapeats 
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sandstone.^  It  affords  the  only  possible  route 
of  travel  through  the  interior  of  the  canyon  on 
land. 

The  Tapeats  cliff  is  the  outcropping  edge 
of  the  resistant  Tapeats  sandstone  below  the 
Tonto  platform.  It  is  wonderfully  persistent, 
averages  300  feet  in  height,  and  is  the  chief 
obstacle  that  bars  the  way  to  the  Archean 
rocks. 

The  Granite  Gorge  (see  PI.  XIX)  is  the 
deep,  narrow  V-shaped  canyon  which  Colorado 
River  has  cut  in  crystalline  Archean  rocks  be- 
low the  Tapeats  sandstone.  Descending  into 
it,  the  traveler  leaves  the  wide  outer  canyon, 
whose  walls  are  carved  in  horizontal  Paleozoic 
strata,  and  enters  what  is  geologically  and 
scenically  another  world.  At  the  base  of  the 
Tapeats  cliff  a  great  unconformity  of  erosion 
separates  the  Paleozoic  beds  from  the  two 
underlying  systems  of  rock — ^the  Archean  crys- 
talline rocks  and  the  Algonkian  Grand  Canyon 
sediments,  which  are  inset  in  the  Archean  in 
places  by  block  faulting.  The  change  in  scen- 
ery is  no  less  abrupt  than  the  change  in  geo- 
logic structure.  The  sides  of  the  Granite 
Gorge,  carved  in  Archean  rocks,  descend  to 
the  river  in  steep,  bare  slopes  whose  surface 
is  jagged  and  chaotic  in  the  extreme. 

The  Granite  Gorge  is  about  40  miles  long, 
measured  along  the  course  of  Colorado  River, 
and  runs  from  southeast  to  northwest.  The 
average  width  between  the  inclosing  cliffs  of 
Tapeats  sandstone  is  perhaps  2,000  feet,  and 
the  average  depth,  measured  from  the  base  of 
the  Tapeats  cliff  to  the  river,  about  800  feet. 
At  irregular  intervals  of  a  mile  or  so  tribu- 
tary gorges  are  cut  back  into  the  Tonto  plat- 
form. Most  of  these  do  not  expose  the  Archean 
rocks  far  back  from  the  main  gorge  of  the 
river,  but  some  of  the  larger  ones  expose  them 
for  several  miles.  The  upper  end  of  the  Gran- 
ite Gorge  begins  abruptly  in  the  Vishnu  quad- 
rangle near  the  mouth  of  Red  Canyon,  where 
the  river  flows  southwestward  out  of  great 
masses  of  Algonkian  strata  that  dip  steeply 
northeastward  upstream.  It  ends  gradually  in 
the  Shinumo  quadrangle  below  Garnet  Can- 
yon, where  the  river  flows  southward  across  a 
broad  zone  in  which  the  Paleozoic  strata  dip 

^Tbe  Tapeats  sandstone  Is  the  basal  formation  of  the 
Tonto  group  of  strata,  of  Cambrian  age,  which  comprises  the 
Tapeats  sandstone.  Bright  Angel  shale,  and  Muar  limestone. 


southwestward;  as  the  dip  of  the  strata  is 
greater  than  the  grade  of  the  stream,  the  river 
bed  is  gradually  carried  out  of  the  Archean 
rocks  into  the  overlying  Tapeats  sandstone. 

The  inaccessibility  of  the  exposures  of  Ar- 
chean rocks  and  the  extreme  ruggedness  of  the 
topography  in  the  Granite  Gorge  are  the 
chief  obstacles  to  geologic  study.  The  sheer, 
high  cliff  of  Tapeats  sandstone  along  the  rim 
of  the  gorge  is,  in  most  places,  an  impassable 
barrier  to  descent  from  the  Tonto  platform, 
and  thei-e  are  only  three  situations  in  which  it 
has  broken  down  enough  to  allow  the  traveler 
to  reach  the  Archean — (1)  at  the  heads  of 
tributary  gorges,  where  it  is  cut  by  stream 
erosion;  (2)  in  places  where  a  hill  or  " monad- 
nock"  of  Archean  or  Algonkian  rock  rises 
through  the  sandstone  and  excludes  it;  (3) 
where  a  line  of  faulting  crosses  the  sandstone 
and  shatters  it.  The  most  numerous  breaks  are 
those  caused  by  stream  erosion  at  the  heads  of 
tributary  gorges.  Once  the  Archean  rocks  are 
reached  progress  is  exceedingly  difficult  and 
slow,  except  in  the  beds  of  the  larger  tribu- 
tary canyons,  and  it  is  impossible  to  travel 
very  far  along  the  edge  of  the  river,  because 
the  walls  rise  steeply  from  the  water. 

The  exposure  of  Archean  rocks  in  the  Gran- 
ite Gorge  is  so  small  a  part  of  the  vast  areas 
buried  under  Paleozoic  and  later  strata  north 
and  south  of  the  canyon  that  the  chance  of  de- 
ciphering much  of  the  structure  from  it  would 
be  remote  were  it  not  for  the  fact  that  the 
northwest  course  of  Colorado  River  crosses  at 
right  angles  the  dominant  trend  of  nearly  all 
the  structural  features  in  the  Archean.  Thus 
the  Granite  Gorge  is  a  magnificent  800-foot 
cross  section  40  miles  in  length.  The  difficul- 
ties incidental  to  the  roughness  of  the  topog* 
raphy  are  largely  compensated,  for  the  geolo- 
gist, by  the  clearness  with  which  the  structure 
is  revealed  in  the  bare  slopes. 

PLAN  OF  INVESTIGATION. 

The  method  of  study  followed  was  to  de- 
scend to  the  Archean  rocks  in  every  sidecan- 
yon  where  a  camp  was  made  and  in  any  other 
place  that  could  be  reached,  by  detour  when 
moving  from  one  camp  to  another.  Twenty 
localities  were  visited  in  traveling  the  length 
of  the  Granite  Gorge.  The  distance  between 
them  ranged  from  three-tenths  of  a  mile  to 
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4  miles,  but  the  average  interval  was  about  2 
miles.  At  these  localities  67  hand  specimens 
were  collected^  and  thin  sections  were  cut  from 
48  of  them.  Eight  distinct  groups  of  rocks 
were  crossed  in  exploring  the  Granite  Goi^, 
as  set  forth  in  the  accompanying  table.  (See 
also  fig.  10.)  In  this  table  and  the  following 
discussion  the  localities  and  groups  of  rocks 
are  numbered  in  the  order  of  their  occurrence 
from  west  to  east. 


vailing  strike  of  the  gneissoid  banding  is  X. 
60°  E.  and  the  dip  nearly  vertical.  In  places 
between  Garnet  Canyon  and  Walthenberg  Can- 
yon  the  strike  becomes  northwesterly.  Here 
and  there  the  gneiss  is  greatly  mashed  and  con- 
torted. The  commonest  type  of  gneiss  is  horn- 
blende gneiss  (metamorphosed  quartz  diorite, 
specimen  No.  3),  and  there  are  some  bands 
of  a  very  dark  hornblende  schist  (amphibolite, 
No.  4).    A  quarter  of  a  mile  below  the  mouth 
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FiQCBB  10.— Map  of  Kalbab  division  of  Grand  Canyon,  Ariz.,  showing  distribution  of  Archean  rocks  and  localities  where 
the  rocks  were  examined.  Quadrangles  mapped  by  United  States  Geological  Survey  are  indicated  by  outline  letters  as 
follows :  A,  Shinumo ;  B,  Bright  Angel ;  C,  Vishnu.  Localities  examined :  A,  Garnet  Canyon ;  B,  Walthenberg  Can- 
yon ;  C,  Copper  Canyon ;  D,  Shinumo  Creek ;  E,  White  Creek ;  F,  Flint  Creek ;  G,  Cable  Crossing ;  H,  Bass  Canyon ; 
Z,  Serpentine  Canyon ;  J,  Ruby  Canyon ;  K,  Turquoise  Canyon ;  L,  Slate  Creek ;  M,  Crystal  Creek ;  N,  Boucher  Creek ; 
O,  Hermit  Creek ;  P,  Salt  Creek ;  Q,  Pipe  Creek ;  R,  Bright  Angel  Creek ;  8,  Clear  Creek ;  T,  Lonetree  Canyon ;  U, 
Boulder  Creek ;  V,  Grapevine  Creek ;  W,  Cottonwood  Creek ;  X,  Hance  Creek ;  Y,  Mineral  Canyon ;  Z,  Red  Canyon. 


THE  ROCKS. 

a&OTTP  I.  OHEISSES,   AHFHIBOLITES,   AND 

GRANITE. 

From  the  west  end  of  Granite  Gorge  to  the 
mouth  of  Walthenberg  Canyon,  a  distance  of 
about  6  miles,  the  rocks  are  banded  gneisses 
cut  by  pink  intrusives.  The  gneisses  are  of 
several  types  and  occur  in  parallel  bands  which 
range  in  width  from  a  few  feet  to  over  300 
feet.    From  Garnet  Canyon  westward  the  pre- 


of  Garnet  Canyon  there  is  a  50-foot  band  of 
biotite-chlorite  gneiss  (No.  5)  containing  nu- 
merous garnets  about  the  size  of  a  pea,  from 
which  Garnet  Canyon  was  named.  Within 
Garnet  Canyon  an  intrusive  body  of  pink 
granite  (No.  6)  is  the  prevailing  rock. 

The  pink  intrusive  rocks  that  are  associated 
with  the  gneisses  are  granite,  aplite,  and  peg- 
matite. The  granite  is  a  medium-grained  even- 
textured  rock  which  consists  essentially  of 
quartz,  microcline,  soda  plagioclase,  muscovite. 
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and  biotite,  named  in  the  order  of  decreasing 
abundance.  The  aplites  and  pegmatites  con- 
sist as  a  rule  of  quartz,  microcline,  and  musco- 
vite,  but  in  places  the  muscovite  is  absent. 

Apparently  the  pink  intrusives  comprise 
from  one-fourth  to  one-third  of  the  rocks  of 
Group  I,  but  the  proportion  varies  consider- 
•  ably  from  place  to  place  and  may  be  actually 
much  less.  Some  of  them  are  in  sheets  parallel 
with  the  bands  of  gneiss.  Others,  chiefly  gran- 
ites, are  in  irregular  bodies  that  cut  the  gneisses. 
In  places  the  granite  in  these  bodies  grades 
into  pegmatite.  Still  others,  chiefly  pegma- 
tites, are  in  dikes  that  cut  both  the  gneisses  and 
granites. 

Petrography  of  $pecimens} 

No.  3.  Hornblende  gneUs  (probably  a  metamorphosed 
quartz  diorite). — ^The  rock  in  hand  specimen  is  gray, 
well  banded,  and  medium  grained  and  contains  a  con- 
siderable amount  of  quartz  in  crystals  larger  than  the 
other  mineral  constituents.  In  thin  section  the 
gneissoid  character  is  less  conspicuous,  the  rock  hav- 
ing a  seriate  porphyroid  fabric  in  which  the  indi- 
vidual crystals  average  about  1  millimeter  in  the 
longest  direction,  although  the  quartz  crystals  may 
be  as  much  as  4  millimeters.  Quartz,  plagioclase, 
hornblende,  and  orthoclase  are  the  essential  mineral 
constituents  named  in  the  order  of  decreasing  abun- 
dance. The  quartz  occurs  in  large  irregularly  shaped 
crystals  which  interlock  with  and  in  places  include 
the  other  constituents.  It  also  contains  numerous 
microscopic  inclusions  whose  character  has  not  been 
determined.  The  quartz  crystals  have  no  uniformity 
of  orientation,  although  some  of  them,  particularly 
those  cut  at  a  small  angle  to  the  principal  optic  axis, 
show  undulatory  extinction  as  an  evidence  of  strain- 
ing. The  plagioclase  has  the  composition  of  andesine 
(about  Abi»An»),  is  usually  twinned  after  the  albite 
law,  and  is  partly  altered  to  sericite.  Orthoclase  Is 
thought  to  be  present  in  small  amounts  but  is  very 
much  altered.  The  hornblende  crystals  are  of  deep 
color,  showing  pleochroism  in  greens  and  yellows,  and 
for  the  most  part  are  arranged  with  their  c'  axes 
parallel.  There  is  a  small  amount  of  leached  biotite 
which  is  altering  to  epldote  and  a  reddish  mineral 
thought  to  be  chlorite.  The  section  also  contains  iron 
oxides,  apatite,  zircon,  epldote,  and  titanite  in  acces- 
sory amounts.  The  rock  may  have  been  metamor- 
phosed from  a  granodiorlte  or  a  quartz  diorite. 

No.  4.  Hornblende  8chi8t  or  amphiboUte, — ^The  speci- 
men is  fine  grained,  black,  and  schistose.  Little  else 
but  hornblende  can  be  discerned  with  the  unaided 
eye.  Under  the  microscope  a  thin  section  cut  nearly 
parallel  to  the  schistosity  exhibits  a  seriate  fabric  in 


^The  thin  sections  were  studied  microscopically  by  J. 
Fred.  Hunter  in  April,  1916.  Only  the  chips  from  which 
the  thin  sections  were  cut  were  available  for  megascopic 
study. 


which  very  few  of  the  indivldiial  crystals  a?e  as 
much  as  1  millimeter  in  longer  dimension.  Miner- 
alogically  the  rock  consists  essentially  of  homblendet 
quartz,  and  feldspar  (altering  to  sericite),  named  in 
about  the  order  of  decreasing  abundance.  The  feld- 
spar is  almost  entirely  changed  to  sericite,  which  is 
nearly  as  abundant  as  the  quartz.  Epidote  and  sericite 
occur  in  narrow  veinlets  cutting  the  other  minerals 
and  in  small  grains  associated  with  hornblende. 
Titanite  is  the  commonest  accessory,  but  iron  oxides, 
apatite,  and  zircon,  in  microscopic  size,  are  also 
present. 

No.  5,  Biotite-chlorite  gneiss,  or  schist. — This  is 
a  dark-green  medium-grained  micaceous  rock,  not 
well  lamellated.  Its  degree  of  metamorphLsm  is  not 
apparent  from  the  small  hand  specimen  examined. 
Mineralogically  tlie  rock  consists  essentially  of  quartz, 
biotite,  chlorite,  epidote,  sericite,  feldspar,  and  garnet, 
displaying  seriate  fabric  in  thin  section  in  which  the 
grains  are  as  much  as  3  millimeters  in  longer  dimen- 
sion and  average  about  1  millimeter.  The  thin  sec- 
tion shows  little  evidence  of  schistosity  or  metamor* 
phism  of  the  deeper  and  regiona?  type.  However, 
the  rock  has  suffered  certain  profound  changes  which 
probably  are  due  more  to  thermal  agencies  than  to 
dynamic  metamorphism.  Thus  the  feldspars,  which 
apparently  were  in  large  part  plagioclase,  are  altered 
to  sericite  and  chlorite.  Some  of  the  chlorite,  par- 
ticularly that  which  has  replaced  feldspar,  is  greenish, 
but  other  areas  of  it  are  yellow.  The  yellow  variety 
occurs  as  pseudomorphs,  the  original  nature  of  which 
can  not  be  determined,  although  the  shape  of  the 
individuals  suggests  that  they  may  have  resulted  from 
rhombic  pyroxene.  The  epidote  occurs  in  subhedral 
to  euhedral  grains  and  shows  noticeable  pleochroism 
in  pale  yellows  to  light  browns.  Fine  grains  of  mag- 
netite and  even  larger  crystals  of  apatite  are  abun- 
dant. This  band  may  represent  a  relatively  late  in- 
trusion into  the  metamorphic  complex. 

No.  6.  Oranite  gneiss. — Pink  medium-grained  gran- 
ite, the  small  hand  specimen  of  which  suggests  a 
more  or  less  gneissoid  character.  Mineralogically  the 
rock  consists  chiefly  of  quartz,  microcllne,  ortho- 
clase, soda  plagioclase,  muscovite,  biotite,  and  iron 
oxides,  named  in  order  or  decreasing  abundance. 
The  individual  crystals  are  allotrlomorphic,  average 
about  1  millimeter  In  diameter,  and  are  arranged  in 
a  seriate  porphyroid  fabric  as  seen  in  thin  section. 
The  rock  is  relatively  fresh,  although  the  feldspars, 
particularly  the  orthoclase  and  soda  plagioclase,  con- 
tain a  large  amount  of  finely  divided  ferrltlc  material, 
which  gives  them  a  dirty  reddish-brown  appearance 
in  transmitted  light.  The  muscovite  is  largely  second- 
ary, as  are  also  smaU  quantities  of  sericite,  chlorite, 
epidote,  and  most  of  the  iron  oxides.  Apatite  occurs 
as  an  accessory. 

OBOVP  n.  XICA  SCHIST. 

From  the  mouth  of  Walthenberg  Canyon 
to  a  point  about  half  a  mile  east  of  the  mouth 
of  Shinumo  Creek,  a  distance  of  ^  miles,  the 
rocks  are  rather  fine  grained  dull  reddish  or 


ABCHEAK  COMPLEX  OF  GRANITE  QOBOE,  GI^AND  CAKTON,  ABIZ. 


101 


pinkish  mica  schists  which  are  cut  in  places 
by  dikes  of  pink  pegmatite.  One  of  these  dikes 
in  Copper  Canyon  is  over  200  feet  wide.  In 
general,  however,  the  amount  of  intrusive  rock 
is  small  and  the  schist  is  free  from  it  over 
large  areas,  particularly  in  the  western  part 
of  the  exposures. 

The  schist  is  rather  homogeneous  in  compo- 
sition. Specimen  No.  1,  from  Copper  Canyon, 
represents  the  prevailing  type  of  rock.  In 
places  where  the  schist  is  not  too  intensely 
crumpled  and  mashed,  there  are  numerpus 
alternating  bands  a  few  feet  in  width  in  which 
the  rock  becomes  denser,  finer  grained,  and 
more  quartzose  in  appearance  and  changes  in 
color  from  pinkish  to  gray.  In  the  field  the 
character  of  this  banding  strongly  suggests  an 
original  sedimentary  bedding.  Specimen  No. 
2,  from  Copper  Canyon,  is  the  schist  from  one 
of  these  bands  of  denser  rock. 

The  areas  of  schist  that  exhibit  this  obscure 
banding  are  in  the  western  part  of  the  ex- 
posures, extending  from  Copper  Canyon  to 
Walthenberg  Canyon.  Here  the  prevailing 
strike  of  the  banding  is  northwesterly  and  the 
dip  from  45°  to  75®  NE.,  both  corresponding 
in  a  general  way  with  the  strike  and  dip  of  the 
schistosity.  If  the  banding  represents  an  origi- 
nal sedimentary  bedding  and  if  there  is  no 
duplication  by  folding  or  faulting,  the  exposed 
thickness  of  the  series  can  not  be  less  than  5,000 
feet  and  is  probably  much  greater. 

East  of  Copper  Canyon,  near  the  contact  of 
the  schist  with  the  quartz  diorite  of  Group  III, 
there  is  a  great  deal  of  local  twisting  and  con- 
tortion in  the  schists  and  they  are  injected  with 
pink  feldspar  and  milky  quartz  in  veins  and 
lenses.  In  this  area  the  strike  of  the  schistosity 
is  approximately  N.  20°  E.  and  the  dip  nearly 
vertical.  The  schist  contains  a  great  deal  of 
pink  feldspar  and  some  black  tourmaline  and 
in  places  is  rather  coarse  in  texture.  Specimen 
No.  8  is  a  piece  of  this  schist  obtained  near  the 
Cable  Crossing. 

Petrography  of  specimens. 

No.  1.  Mica  schist. — Gray,  with  pinkish  tones;  yel- 
low on  weathered  surface.  Mica  and  quartz  Indi- 
vldaals  are  easily  distinguishable  with  the  unaided 
eye.  The  rock  has  doubtless  been  entirely  recrystal- 
lized  during  the  process  of  metamorphism,  so  that  no 
trace  of  the  original  structure  remains.  In  a  thin 
section,  cut  oblique  to  the  cleavage  of  the  rock,  the 
schistosity  is  indicated  by  the  parallel  arrangement 


of  the  micas,  wMch  average  0.5  millimeter  In  length, 
whereas  the  other  constituents  average  approximately 
0.3  millimeter  acrosi^  ind  a  few  individuals  are  as 
much  as  1  millimeter.  Th^  tnl<i^al  composition  of  the 
rock  may  be  represented  a^^proitinately  as  follows: 

Quartz  ^biotite^muscovite^'f^idsp9f>  iron  oxides, 

with  accessory  apatite,  zircon,  and«  ^ril^ts.  The 
quartz  occurs  in  subequant  anhedral  grains  and  is 
commonly  filled  with  numerous  inclusions'  ^f  i&ica« 
apatite,  and  minute  specks  whose  character  haaToot"; 
been  determined.  The  feldspar  is  likewise  anhedral,  :• 
is  altered  to  sericite  and  in  some  places  to  kaolin, 
and  generally  has  a  lower  index  than  that  of  quartz. 
It  probably  makes  less  than  15  per  cent  of  the  rock. 
So  far  as  the  mineral  content  is  concerned  the  schist 
may  have  been  derived  from  the  metamorphism  of  a 
shaly  arkoslc  sandstone  or  equally  well  from  an 
igneous  rock  having  the  general  composition  of 
granite. 

No.  2.  Mica  schist, — Gray,  more  compact,  and  less 
micaceous  than  No.  1,  but  otherwise  differing  very 
little,  though  it  is  finer  grained  and  the  micas  are 
smaller  and  less  conspicuous,  giving  it  a  more 
quartzose  appearance.  Its  mineral  constitution  is  the 
same,  and  apparently  it  has  about  the  same  amount 
of  feldspar,  which  appears  to  be  orthoclase  or  soda 
plagioclase. 

These  rocks  resemble  pre-Gambrian  rocks  from  the 
Black  Canyon  of  Gunnison  River,  in  Ck>lorado.^  The 
microscopic  study  does  not  give  conclusive  evidence  as 
to  their  origin. 

No.  8.  Muscovite  schist, — ^Pinkish  gray,  with  silvery 
sheen  in  certain  light ;  very  micaceous  and  fissile.  The 
specimen  indicates  more  or  less  weathering.  In  a 
section  cut  transverse  to  the  cleavage  of  the  rock 
the  parallel  arrangement  of  the  micas,  which  average 
0.6  millimeter  in  length,  brings  out  the  schistosity 
strikingly.  The  other  constituents  are  allotriomor- 
phlc,  are  equant  to  subequant,  and  average  0.2  milli- 
meter in  diameter.  The  mineral  composition  of  the 
schist  may  be  represented  approximately  as  follows: 

Quartz  >  feldspar  ^  rauscovite  ^biotlte  ( ferritized )  > 

iron  oxides,  with  accessory  apatite,  zircon,  and 
garnets. 

The  feldspar,  being  badly  stained  with  Iron  oxide, 
which  gives  it  a  reddish-brown  color,  is  easily  dis- 
tinguishable from  the  clear  quartz  and  makes  up 
approximately  20  per  cent  of  the  rock.  It  has  a  low 
index  and  appears  to  have  been  in  part  orthoclase, 
which  was  somewhat  altered  to  sericite  before  it  was 
stained  by  weathering.  The  blotite  likewise  is  iron- 
stained  and  nearly  opaque.  This  rock  differs  from 
Nos.  1  and  2  in  texture,  but  is  similar  in  composi- 
tion, although  the  degree  of  weathering  has  empha- 
sized the  abundance  of  the  feldspars. 

In  addition  to  the  exposures  in  the  Granite 
Gorge  there  is  an  area  of  the  schists  in  the 
Shinumo  Amphitheater,  on  the  northeast  side 

^A  report  on  the  Archean  rockg  of  the  Black  Canyon 
region,  by  J.  F.  Hunter,  la  in  preparation. 
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of  the  West  Kaibab  fault,  2  ,mii^;S  northeast  of 
the  mouth  of  Shinumo  Cpe^*-.  ll  extends  about 
3  miles  southeastward  in  'ftifi  inner  canyons  of 
White,  Shinumo..  an,4' Flint  creeks  and  a  mile 
northeastwaifd  fep* .  the  canyon  of  Shinumo 
Creek.  ^T*his\area  of  schists  was  visited  in 
1908,  in-tite  course  of  a  study  of  the  Algonkian 
strata  of  the  Shinumo  quadrangle,  and  a  few 
•^  \spevimens  of  the  chief  types  of  rock  were  col- 
*•.  lected  from  which  thin  sections  were  made.* 
Three  types  of  schist  were  recognized — (1) 
quartz-mica  schists  which,  in  general  aspect, 
resemble  the  mica  schists  of  the  Granite  Gorge, 
above  described,  and  which  may  contain  feld- 
spar, though  the  two  thin  sections  studied 
show  little  or  none;  (2)  fine-grained  quartz- 
hornblende  schist,  consisting  of  about  equal 
proportions  of  quartz  and  green  hornblende; 
(3)  hornblende  schist,  consisting  almost  en- 
tirely of  green  hornblende,  which  occurs  in  a 
narrow  outcrop  with  sharp  boundaries  and 
apparently  represents  a  body  of  metamor- 
phosed igneous  rock  of  a  basic  type. 

No  definite  hypothesis  as  to  the  origin  of  the 
quartz-mica  and  quartz-hornblende  schists  was 
entertained,  because  no  detailed  study  was 
made  of  the  Archean  rocks  in  the  field,  but  the 
large  amount  of  quartz  in  the  schists  suggested 
a  sedimentary  origin. 

The  contact  between  the  gneisses  of  Group  I 
and  the  schists  of  Group  II  near  Walthenberg 
Canyon  was  not  examined  on  the  present  trip, 
because  there  was  no  break  in  the  Tapeats  cliflf 
that  would  permit  descent  to  the  Archean 
within  several  miles  of  the  contact.  Seen  from 
above  it  appeared  to  be  a  rather  sharp  line 
crossing  the  Granite  Gorge  from  northwest 
to  southeast  and  was  thought  to  be  a  fault. 

GBOXrP  in.  MASSIVE  BASIC  INTBXrSiyE  B0CX8. 

From  a  point  near  the  Cable  Crossing  to  a 
point  about  1  mile  southeast  of  the  mouth  of 
Ruby  Canyon,  a  distance  of  4^  miles,  the  rocks 
are  all  coarse  granular  massive  igneous  rocks 
in  which  no  gneissoid  banding  or  schistosity 
was  observed  in  the  localities  visited.  For 
at  least  a  mile  up  the  river  above  the  Cable 
Crossing  the  rock  is  a  coarse-grained  quartz 
diorite   which   is  intrusive   in  the   schist   of 

Group  II.    This  quartz  diorite  was  examined 

^^■"'^^~— ■^^^^^^-■■■■^— i^— ^— ^^-"— ^— — ■— ^-^^■~~^^—      — ^— ^— i^^««i^^««i^.— ^«^— ^.^— ^^^« 

1  Noble,  L.  F.,  The  Shlnnmo  quadrangle,  Grand  Canyon  dis- 
trict. Aril. :  U.  S.  Geol.  Survey  Bull.  649,  pp.  32-35,  1914. 


in  1908  near  the  mouth  of  Bass  Canyon  and 
has  been  described  as  follows:^ 

The  quartz  diorite  in  the  river  gorge  east  of  Gable 
Grossing  is  a  coarse-grained,  dense,  resistant  rock  of 
typical  granitic  texture,  which  tends  to  weather  into 
roughly  angular  blocks  and  thus  to  assume  forms  that 
distinguish  it  in  the  mass  from  the  Vishnu  schist. 
It  is  dark  gray,  looks  remarkably  fresh,  and  contains 
visible  particles  of  white  striated  feldspar,  dark  horn- 
blende, and  glistening  black  blotite.  The  rock  is  uni- 
form in  texture  throughout  the  exposures  observed, 
is  apparently  without  contact  modifications,  and 
shows  no  gneissoid  banding. 

Under  the  microscope  it  is  seen  to  be  a  coarse- 
granular  rock  of  granitic  texture.  Its  dominant 
mineral  constituents  are  plagioclase  and  common  horn- 
blende, the  plagioclase  ranging  from  ollgoclase  to 
labradorite.  MIcrocline,  orthoclase,  and  quartz  are 
present  in  about  equal  proportions,  but  their  total 
amount  does  not  equal  that  of  the  plagioclase. 
Brown  biotite  appears  in  somewhat  less  quantity 
than  the  hornblende,  and  titanite  and  magnetite  are 
accessories.  Occasionally  the  quartz  is  polkilitic  in 
the  orthoclase.  The  feldspathic  and  ferromagnesian 
minerals  occur  in  about  equal  proportion.  The  micro- 
scope reveals  no  cataclastic  structure  nor  other  evi- 
dence of  dynamic  action,  and  the  minerals  are  fresh 
and  unaltered. 

In  1908  the  rocks  of  the  Granite  Gorge 
were  not  examined  beyond  a  point  1  mile  up 
the  river  from  the  Cable  Crossing.  It  could 
be  seen  clearly,  however,  that  they  are  massive 
igneous  rocks  at  least  as  far  as  the  mouth  of 
Buby  Canyon.  All  the  rock  in  the  Granite 
Gorge  between  Bass  Canyon  and  Ruby  Canyon 
was  therefore  mapped  as  intrusive  quartz 
diorite,  but  the  statement  was  made  in  the 
text  of  Bulletin  549  that  the  eastern  limit  of 
the  diorite  had  not  been  located,  and  the  east- 
em  part  of  the  exposure  was  indicated  on  the 
geologic  map  as  outlines  by  a  reconnaissance 
survey. 

On  the  present  trip,  when  what  was  supposed 
to  be  the  quartz  diorite  was  examined  in  Ser- 
pentine Canyon,  the  next  canyon  up  the  river 
from  Bass  Canyon  where  access  to  the  Archean 
was  possible,  the  rock  was  found  to  be  a  gray 
porphyritic  hypersthene  gabbro.  Specimens 
Nos.  9  and  11  came  from  this  locality.  No.  10 
is  a  specimen  containing  one  of  the  phenocrysts. 
No.  13  is  hypersthene  gabbro  from  Ruby  Can- 
yon, 2  miles  southeast  of  Serpentine  Canyon. 
The  hjrpersthene  gabbro  is  exposed  over  an 
area  of  about  4  square  miles  and  is  the  largest 
single  body  of  massive  igneous  rock  in  the 

2  Idem,  pp.  35,  36. 
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Granite  Gorge.  It  is  ch-aracterized  throughout 
by  a  well-marked  sheeting  or  jointing  that 
strikes  northwest  and  dips  20°-30°  NE.  It 
decays  more  readily  than  any  other  rock  in  the 
Archean,  so  the  sides  of  the  Granite  Gorge  in 
the  area  occupied  by  the  gabbro  have  a  much 
gentler  slope  than  elsewhere  and  the  Tapeats 
cliff  has  retreated  nearly  twice  as  far  from  the 
river  as  it  has  in  the  area  between  Bass  Canyon 
and  Serpentine  Canyon  where  the  diorite  is 
exposed.  The  boundary  between  the  diorite 
and  the  gabbro  must  be  at  the  point  where  this 
change  in  the  topography  takes  place  and  is 
therefore  not  far  down  the  river  from  the 
mouth  of  Serpentine  Canyon.  It  was  not  pos- 
sible to  visit  the  locality  on  the  present  trip, 
and  the  nature  of  the  contact  is  unknown. 

Petrography  of  specimens. 

No.  11.  Hypersthene  gabbro, — Gray,  with  greenish 
tones  when  viewed  at  an  angle  to  the  surface,  por- 
pbyritic  with  large  polkilitic  crystals  of  hornblende. 
Under  the  microscope  the  rock  is  found  to  have  a 
polkilitic  structure,  large  crystals  of  plag^oclase  and 
hornblende  serving  as  hosts  for  hypersthene  and 
augite,  which  are  subhedral  to  euhedral  and  3  milli- 
meters In  maximum  length.  The  mineral  composition 
of  the  rock  may  be  represented  approximately  as  fol- 
lows :  Plagioclase>augite^hypersthene>hornblende> 

biotite>iron  oxides>chlorite>epldote,  apatite,  zircon. 
The  plagioclase  is  extensively  altered  to  sericite,  chlo- 
rite, and  epidote  but  appears  to  have  been  at  least  as 
calcic  as  labradorite.  The  rock  is  granular  and  with- 
out schistosity  or  cataclastic  structure  and  does  not 
seem  to  have  suffered  any  considerable  metamorphism 
of  the  regional  type. 

No.  9.  Hypersthene  gabbro, — Similar  to  No.  11,  but 
the  feldspars  are  considerably  more  altered  and  the 
section  shows  hypersthene. 

No.  13.  Hypersthene  gabbro. — ^Thls  rock  is  very 
similar  to  No.  11,  is  medium  grained  and  iwrphyritlc, 
and  contains  large  polkilitic  phenocrysts  of  hornblende 
more  than  three-fourths  of  an  inch  long.  Microscopic 
study  shows  the  rock  to  be  hypidiomorphic  and  granu- 
lar and,  save  for  the  few  large  phenocrysts,  to  have 
a  seriate  fabric  in  which  the  individual  crystals  aver- 
age beti^'een  1  and  2  millimeters  in  diameter,  although 
the  plagioclase  may  be  as  much  as  4  millimeters  in 
length.  The  composition  of  the  rock  may  be  repre- 
sented   as    follows:   Plagioclase>hyi)ersthene>horn- 

blende^auglte>actinolite>biotite>chlorlte>epidote, 

with  accessory  magnetite,  pyrite,  and  apatite.  The 
plagioclase  has  the  composition  of  labradorite  (ap- 
proximately AbttAnu)  and  is  altering  to  sericite  and 
epidote.  The  hornblende  is  changing  to  a  mixture 
of  actinolite  and  magnetite. 


No.  10.  Altered  gabbro, — ^The  hand  specimen  con- 
tains a  large  phenocryst  of  hornblende  15  millimeters 
long  and  7  millimeters  In  diameter.  In  section  the 
rock  Is  found  to  consist  of  large  euhedral  crystals  of 
hornblende  and  areas  of  chlorite  aggregates,  both  of 
which  Include  anhedral  crystals  of  epidote.  The  sec- 
tion also  contains  considerable  sericite  (after  plagio- 
clase). Iron  oxides,  and  a  small  amount  of  blotite. 

Both  the  diorite  and  the  gabbro  are  cut  by 
a  great  mesh  of  ramifying  dikes  of  pink  peg- 
matite, which  is  very  conspicuous  in  contrast 
with  the  prevailing  darker  rock  and  may  be 
distinguished  many  miles  away  from  points 
along  the  rim  of  the  canyon.  These  dikes, 
however,  though  widely  distributed,  form  only 
a  small  part  of  the  whole  group  of  rock.  In 
the  gabbro  many  of  them  have  been  injected 
parallel  to  the  sheeted  structure.  The  peg- 
matite is  very  coarse  and  consists  of  quartz, 
microcline,  and  muscovite.  In  Ruby  Canyon 
the  gabbro  is  altered  to  a  dark  hornblende  or 
biotite  schist  for  a  few  inches  away  from  the 
contacts  of  the  pegmatite  dikes. 

aBOVP  lY.  XETABASITE  AND  XETADIOBITE. 

At  a  point  about  a  mile  southeast  of  the 
mouth  of  Kuby  Canyon  the  Granite  Gorge  nar- 
rows  abruptly  in  response  to  a  change  in  the 
character  of  the  rock.  There  is  a  tremendous 
increase  in  the  amount  of  pink  intrusive  ma- 
terial, and  from  this  point  to  an  undetermined 
point  near  the  mouth  of  Turquoise  Canyon,  a 
distance  of  nearly  2  miles,  the  rocks  are  chiefly 
dark-green  metabasites  and  metadiorites,  cut 
by  pink  intrusives  that  in  some  places  con- 
stitute at  least  half  of  the  rock.  The  meta- 
basites and  metadiorites  are  in  bands  that  have 
a  more  or  less  gneissoid  structure.  Metadiorite, 
or  quartz  diorite  that  has  suffered  little  or  no 
dynamic  metamorphism^  is  the  prevailing  rock. 
Specimens  Xos.  15, 16, 17,  and  18  were  obtained 
in  Turquoise  Canyon  from  separate  bands,  each 
of  which  has  a  width  of  several  hundred  feet. 
The  strike  is  about  due  east  or  a  little  north  of 
east  and  the  dip  from  45°  to  60°  S.  Some  of 
the  bodies  of  pink  intrusive  rock  are  here  more 
than  200  feet  wide,  and  many  of  them  send  off 
numerous  pegmatite  veins  and  stringers  into 
the  metabasites.  Graphic  granite,  fine-grained 
pink  granite  (No.  20),  and  coarse  pink  peg- 
matite consisting  of  quartz,  microcline,  and 
muscovite  are  the  types  present.  Crystals  of 
muscovite  as  much  as  4  inches  in  diameter  and 
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crystals  of  microcline  measuring  as  much  as  6 
inches  were  observed  in  the  coarser  pegmatite. 

Petrography  of  specimeiM. 

No.  15.  MetaboHte, — Dark -green  coarse-grained, 
rather  granular  hornblende  rock  in  which  polkilitic 
crystals  of  hornblende  10  millimeters  or  more  in  length 
predominate  over  smaller  crystals  of  biotite.  In  thin 
section  the  rock  appears  to  be  80  per  cent  hornblende, 
which  occurs'  in  large  crystals,  including  biotite,  apa- 
tite, magnetite,  epidote  (possibly  allanite),  and  gar- 
net (?),  named  in  the  order  of  decreasing  abundance. 
The  constituent  minerals  are  usually  very  ragged  in 
outline,  vary  in  size,  and  show  no  regularity  of  ar- 
rangement. Although  the  rock  exhibits  no  schistosity 
or  other  evidence  of  dynamic  metamorphism  it  has 
probably  been  entirely  recrystallized,  primarily  through 
thermal  agencies.  It  may  have  been  derived  from  a 
basic  rock  such  as  gabbro,  diabase,  or  pyroxenite. 
Rock  of  this  type  is  not  uncommon.  In  the  Lake  Su- 
perior area  it  has  been  called  a  greenstone,  or  horn- 
blendite.  Other  workers  have  called  it  amphibolite, 
and  still  others  metabasite.  If  a  definite  name  is  de- 
sired it  seems  best  to  use  the  term  metabasite  for  these 
nonschistose,  thermally  metamorphosed  rocks,  reserv- 
ing the  terms  amphlbole  or  hornblende  schist  and  am- 
phibolite for  the  schistose  phase  of  kindred  meta- 
morphic  rocks.  The  term  metabasite  is  applied  to 
metamorphosed  basic  rocks  ranging  from  metadiorltes 
to  amphibolitic  schist* 

No.  16.  Metadiorite. — Fine-grained  dark-green  granu- 
lar rock.  In  section  the  rock  has  a  seriate  homeold 
fabric  in  which  the  individual  crystals  are  allotriomor- 
phic,  many  of  them  nearly  equant,  and  average  about 
0.5  millimeter  in  diameter.  Plagioclase  having  the 
composition  of  calcic  andeslne  is  the  predominant  con- 
stituent, and  plagioclase  and  hornblende  are  the  essen- 
tial minerals  of  the  rock.  The  feldspar  is  altering  to 
sericite,  and  some  epidote  has  been  developed.  The 
hornblende  crystals  have  a  deep-green  color,  are  of 
irregular  shape,  and  may  not  be  original.  Quartz,  if 
present,  is  subordinate.  The  rock  also  contains  apa- 
tite, tltanlte,  and  iron  oxides  in  accessory  quantities. 
This  rock  shows  no  schistosity  in  thin  section  or  in 
the  small  hand  specimen.  The  character  of  the  horn- 
blende suggests  that  the  rock  has  suffered  some  meta- 
morphism. It  was  probably  derived  from  a  diorlte, 
although  it  may  have  been  originally  a  somewhat  potas-, 
sic  gabbro. 

No.  17.  Metabasite, — Dark-green  rock  similar  to  No. 
15,  but  finer  grained.  In  thin  section  hornblende  is 
found  to  constitute  90  to  95  per  cent  of  the  rock.  Bio- 
tite, iron  oxides,  apatite,  epidote,  and  possibly  quartz 
are  present  In  subordinate  or  accessory  amounts.  The 
hornblendes  are  anhedral  and  of  ragged  outline,  aver- 
age less  than  1  millimeter  In  diameter,  and  show  no 
regularity  of  arrangement.  This  rock  Is  probably 
of  the  same  origin  as  No.  15. 

No.  18.  Metadiorite, — Dark -green  hornblende  -  rich 
rock  resembling  No.  16  but  of  slightly  coarser  grain. 

^  It  hai  been  used  for  similar  rocks  In  Finland  by  G.  V. 
Hackman  and  J.  J.  Sederholm. 


Under  the  microscope  this  rock  is  found  to  have  a 
seriate  fabric  in  which  the  individual  crystals  are 
anhedral  and  range  from  0.5  to  .2  miUimeters  in 
longer  dimensions.  It  consists  essentially  of  plagio- 
clase, hornblende,  biotite,  and  iron  oxides,  named  In 
order  of  decreasing  abundance.  The  plagioclase  Is 
altering  to  sericite  but  has  the  composition  of  ande- 
slne to  labradorlte.  The  rock  contains  a  small  amount 
of  quartz  and  an  accessory  amount  of  apatite. 

No.  20.  Granite, — Medium  -  grained  even  -  textured 
pink  granite.  In  thin  section  this  specimen  has  a 
seriate  porphyroid  fabric  in  which  the  individual 
crystals  are  anhedral  and  attain  4  millimeters  in 
longer  dimension  but  average  about  1  millimeter. 
Mlneraloglcally  the  rock  consists  essentially  of  quartz, 
microcline,  soda  plagioclase  (ranging  from  ollgoclase 
to  alblte),  muscovlte,  and  biotite  named  in  the  order 
of  decreasing  abundance.  A  small  amount  of  ortho- 
clase  may  also  be  present,  and  apatite  and  iron  oxldea 
occur  in  accessory  amounts.  Many  of  the  feldspar 
crystals,  particularly  plagioclase,  have  a  turbid,  red- 
dish appearance  due  to  the  presence  of  very  finely 
divided  iron  oxides.  They  are  also  in  small  part 
altered  to  sericite. 

The  rocks  of  Group  IV  are  very  similar  in 
character  to  those  of  the  Gunnison  River  area 
in  Colorado,  as  well  as  to  certain  pre-Cam- 
brian  rocks  of  the  Lake  Superior  region.* 

It  was  not  possible  to  examine  the  boundary 
between  the  rocks  of  Group  IV  and  the  massive 
gabbro  of  Group  III,  but  from  a  distance  it 
had  the  appearance  of  an  intrusive  contact. 

OROirP  V.  XICA  SCHIST. 

From  a  point  near  the  mouth  of  Turquoise 
Canyon  to  a  point  about  a  mile  below  the 
mouth  of  Hermit  Creek,  a  distance  of  5S  miles, 
the  rocks  are  a  series  of  mica,  quartz-mica, 
and  chlorite  schists  in  numerous  roughly  par- 
allel alternating  bands  which  vary  in  com- 
position and  texture  and  range  from  a  few 
inches  to  several  hundred  feet  in  width.  In 
a  few  places  there  are  bands  of  hornblende 
gneiss  and  mica  gneiss  and  a  small  amount 
of  hornblende  schist.  All  these  rocks  are  very 
schistose.  The  prevailing  strike  is  N.  40®  E., 
and  the  dip  ranges  from  steep  northwest 
through  vertical  to  steep  southeast.  There  is 
a  great  deal  of  local  faulting  and  some  crump- 
ling and  mashing,  so  that  there  are  many  varia- 
tions from  the  prevailing  structure,  which  ap- 
pears to  be,  roughly,  that  of  a  series  of  sharply 
compressed  folds.    The  thickness  of  the  series 

'Winiamfl,  O.  H.,  The  greenstone  schlBts  of  the  Menomi- 
nee and  Marquette  regions  of  Michigan :  U.  8.  Oeol.  Surrey 
Bull.  62,  p.  140,  1890. 
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of  banded  schists  can  not  be  estimated,  even 
approximately,  but  it  is  probably  at  least  5,000 
feet.  All  the  rocks  of  this  group  are  cut  by 
dikes  of  pink  pegmatite  of  the  character 
already  described,  but  east  of  Agate  Canyon 
the  relative  amount  of  this  intrusive  material 
is  small. 

Slate  Creek  occupies  a  long,  straight  canyon 
which  runs  about  N.  40°  E.  Across  Colorado 
River  and  directly  in  line  with  the  canyon  of 
Slate  Creek  is  the  still  longer  gorge  of  Crystal 
Creek,  which  drains  the  great  Hindu  Amphi- 
theater. The  rectilinear  course  of  these  two 
canyons  is  determined  by  a  line  of  faulting  in 
the  Paleozoic  strata  which  has  guided  their 
erosion.  All  the  way  down  the  inner  gorge  of 
Slate  Creek  and  all  the  way  up  the  inner  gorge 
of  Crystal  Creek  the  strike  of  the  bands  of 
schist  is  parallel  with  the  course  of  these 
gorges,  and  the  dip  is  vertical  or  else  steep  to 
the  northwest  or  southeast.  The  same  bands 
of  schist  that  are  exposed  in  Slate  Creek  ap- 
parently continue  across  the  river  and  on  up 
Crystal  Creek  to  the  depths  of  the  Hindu 
Amphitheater,  where  a  small  mass  of  strata  of 
the  Algonkian  Unkar  group  overlies  them,  so 
that  the  total  length  of  the  exposure  of  these 
schist  beds  along  the  strike  must  be  nearly  5 
miles.  A  traverse  was  made  across  the  upper 
part  of  the  inner  gorge  of  Slate  Creek,  in  order 
to  ascertain  the  general  succession  of  the  schist 
series  in  this  locality.  Here  the  structure  is 
fairly  simple,  the  dip  being  75®  SE.  through- 
out the  exposure  examined.  The  section  given 
below  reads  from  west  to  east : 

1.  Beds  of  greenish-gray  mica  schist  (specimens  Nos. 
22,  24,  and  27),  alternating  with  one  another 
and  with  beds  of  plnklsh-brown  quartz-mica 
schist  (No.  23).  In  some  places  the  separate 
beds  have  a  thickness  of  only  a  few  inches;  in 
others  they  are  many  feet  thick.  The  contrast 
between  the  different  types  of  schist  is  greater 
in  the  field  than  in  thin  section,  owing  to  differ- 
ences in  color  and  in  degree  of  weathering.  In 
the  field  some  of  the  layers,  notably  those  rep- 
resented by  specimen  No.  27,  have  a  well-devel- 
oped slaty  cleavage  and  might  be  called  slates. 
The  name  Slate  Creek  is  derived  from  the  occur- 
rence of  this  rock.  Many  of  the  rocks  were  sup- 
posed in  the  field  to  be  typical  chlorite  schists. 
The  quartz-mica  schists,  owing  to  their  density 
and  fineness  of  grain,  were  supposed  to  be  quartz- 
ites  until  the  thin  sections  were  examined.  In 
the  field  there  is  a  vague  yet  persistent  sugges- 
tion in  these  layers  of  an  original  sedimentary 


cross-bedded  structure  which  recrystallization  and 
shearing  had  not  been  able  entirely  to  obliterate. 
This  feature  and  the  variation  in  the  schists 
across  the  strike  suggested  that  they  might  be 
metamorphosed  sediments.  Thickness,  400  feet 
or  more. 

2.  Hornblende  gneiss  (No.  26),  apparently  represent- 

ing a  metamorphosed  quartz  diorite  that  was 
intruded  into  the  schists.  In  the  field  this  rock 
resembles  some  of  the  metadiorite  of  Group  IV. 
Thickness,  300  feet,  more  or  less. 

3.  Fine-grained,  finely  banded  granite  gneiss,  occur- 

ring, like  the  hornblende  gneiss,  In  a  band  par- 
allel with  the  schist  bands.  Thickness,  100  feet, 
more  or  less. 

4.  Mica  schists  of  the  same  character  as  those  of  No. 

1.    Thickness,  200  feet  or  more. 

Although  the  dominant  strike  is  very  per- 
sistent, there  is  a  great  deal  of  local  folding 
and  crumpling  in  the  schists,  and  they  are 
injected  in  places  with  pink  feldspar  and  milky 
quartz. 

In  Boucher  Canyon  the  rocks  are  essentially 
the  same  as  on  Slate  Creek,  but  the  structure 
is  much  more  complicated  by  faulting  and  fold- 
ing, so  that  it  is  difficult  to  pick  out  a  dominant 
strike  that  is  characteristic  of  the  area.  The 
dips,  as  elsewhere  in  the  Archean,  are  very 
steep  or  vertical.  The  rocks  are  in  alternating 
bands  of  varying  composition;  they  are,  how- 
ever, rather  more  crumpled  and  mashed  than 
those  on  Slate  Creek.  No.  31  is  chlorite  schist 
from  this  locality ;  No.  32  is  quartz-mica  schist 
which  is  hard  to  distinguish  from  quartzite  in 
the  field;  No.  34  is  a  very  fine  grained  fissile 
schist  or  slate.  A  bed  of  hornblende  schist 
(No.  33)  occupies  a  band  200  feet  in  width 
between  the  mica  schists. 

Petrography  of  $pecimen$. 

No.  22.  Mica  9chi€t  (chlorite  schist). — Very  fissile 
greenish-gray  rock,  with  pronounced  silvery  sheen. 
In  the  thin  section,  cut  parallel  to  the  schistoslty,  the 
rock  has  a  nearly  equigranular  fabric  in  which  the 
individual  grains  range  from  0.1  to  0.4  millimeter  in 
diameter  and,  save  for  the  micas,  are  equant  to  sub- 
equant.  This  particular  section  consisted  essentially 
of  quartz,  muscovite,  blotite,  chlorite,  altered  feld- 
spar, and  epldote,  named  in  about  the  order  of  de- 
creasing abundance.  A  section  cut  transverse  to  the 
cleavage  would  give  a  better  idea  of  the  relative 
abundance  of  the  mica.  Zircon,  apatite,  garnet,  mag- 
netite, and  other  iron  oxides  are  present  in  accessory 
amounts.  The  feldspars  are  sericltlzed,  somewhat 
kaollnized,  and  stained  with  ferritic  material,  so  that 
their  character  is  not  determinable.  The  section 
studied  contains  less  chlorite  than  would  be  suspected 
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from  the  hand  specimen,  but  this  Is  in  part  due  to 
the  softness  of  the  chlorite  and  its  consequent  loss 
In  grinding.  These  schists  may  well  have  been  derived 
from  sedimentary  rock. 

No.  23.  Quartz-mica  schist.  —  Dense  pinkish-brown, 
very  fine  textured,  banded  quartzose  roclc  In  thin 
section  the  rock  manifests  considerable  lamellation 
and  is  nearly  equigranular.  The  Individual  crystals 
average  less  than  0.1  millimeter  in  diameter  and, 
save  for  the-  micas,  are  subequant  to  equant.  The 
section  consists  of  quartz,  altered  feldspar,  muscovite, 
chlorite,  and  biotlte,  named  In  about  the  order  of  de- 
creasing abundance.  Curiously  enough,  the  section 
shows  more  chlorite  than  that  of  specimen  No.  22. 
Like  No.  22  the  schist  contains  a  rather  unusual 
amount  of  zircon  and  considerable  magnetite,  apatite, 
epidote,  and  garnet,  all  in  accessory  quantities.  The 
feldspar  is  more  abundant  than  in  No.  22  and  is  very 
much  altered  and  stained  with  iron  oxides.  Both  or- 
thoclase  and  plagioclase  are  present.  The  micas  occur 
in  minute  individuals,  a  fact  which  accounts  for  the 
quartzose  appearance  of  the  schist  in  hand  specimen. 

No.  24.  Mica  schist. — Oray  micaceous,  very  schis- 
tose rock  with  silvery  sheen  on  cleavage  surface.  In 
thin  section  the  rock  is  well  lamellated  and  is  made 
up  of  allotriomorphlc  grains  mostly  0.3  to  0.5  milli- 
meter in  diameter.  The  essential  mineral  constitu- 
ents are  quartz,  muscovite,  and  biotite,  and  the  ac- 
cessory minerals. observed  are  zircon,  magnetite,  apa- 
tite, garnet,  and  chlorite.  The  schist  contains  very 
little  if  any  feldspar  but  is  richer  In  mica  than 
No.  23. 

No.  25.  Mica  gneiss  (or  granite  gneiss). — ^Plnk,  very 
fine  grained,  delicately  banded  gneiss.  In  section  the 
rock  has  a  pronounced  banded  structure  in  which  the 
individual  crystals  are  allotriomorphlc  and  average 
0.15  millimeter  in  diameter.  The  rock  consists  of 
quartz,  feldspar  (microcllne,  soda  plagioclase,  ortho- 
dase?),  biotite,  and  chlorite,  named  In  about  the 
order  of  decreasing  abundance.  Epidote,  apatite,  zir- 
con, magnetite,  and  other  iron  oxides  occur  in  acces- 
sory amounts.  The  rock  has  the  composition  of  a 
granite  and  might  well  be  called  a  granite  gneiss. 

No.  26.  Hornblende  gneiss. — Dark-green  medium- 
grained  hornblendic  rock  with  a  strong  suggestion  of 
lamellation  in  the  hand  specimen.  The  thin  section 
studied,  probably  cut  parallel  to  the  cleavage  of  the 
rock,  displays  little  evidence  of  lamellation.  It  show^ 
a  seriate  fabric  in  which  the  individual  crystals  are 
allotriomorphlc  and  are  3  millimeters  or  less  in  longer 
dimension.  The  rock  consists  essentially  of  feldspar, 
quartz,  hornblende,  chlorite,  and  biotite,  named  in 
order  of  decreasing  abundance.  E^pldote,  zircon,  apa- 
tite, iron  oxides,  and  garnet  are  present  in  accessory 
amounts.  The  plagioclase  Is  altered  to  sericite  and  is 
stained  with  iron  oxides  but  probably  has  the  compo- 
sition of  ollgoclase.  The  hornblende  and  micas  have 
very  irregular  and  ragged  outlines  and  are  entirely 
without  crystal  boundaries.  The  rock  represented  by 
this  specimen  was  probably  derived  from  a  rock  hav- 
ing the  composition  of  a  quartz  dlorlte. 

No.  27.  Mica  schist. — Very  fissile,  slaty  silver-gray 
schist.     In  a  thin  section  cut  nearly  parallel  to  the 


schistosity  the  rock  has  a  nearly  equigranular  fabric 
In  which  the  constituent  minerals  are  subequant 
to  equant  and  average  less  than  0.2  millimeter  in 
diameter.  The  dominant  mineral  constituents  are 
quartz,  muscovite,  and  biotite.  The  feldspar  has 
nearly  all  been  altered  to  sericite  but  may  have  con- 
stituted as  much  as  15  or  20  per  cent  of  the  rock. 
Zircon,  apatite,  epidote,  and  iron  oxides  are  the  com- 
monest accessory  minerals.  The  rock  is  a  mica  schist 
similar  in  composition  to  Nos.  22  and  24. 

No.  31.  Chlorite  schist. — Silver-gray,  micaceous,  and 
very  schistose.  In  a  thin  section  cut  nearly  parallel 
to  the  schistosity  the  rock  has  a  seriate  fabric  in 
which  the  individual  grains  are  allotriomorphlc  and 
range  in  size  up  to  0.4  millimeter  In  length.  Quartz, 
chlorite,  biotite,  and  muscovite  are  the  dominant  min- 
eral constituents,  and  Iron  oxides,  zircon,  apatite, 
tourmaline,  epidote,  and  garnet  occur  in  accessory 
amounts.  Feldspar,  in  large  part  altered  to  sericite, 
is  present  in  subordinate  amount.  The  chlorite  is 
probably  slightly  more  abundant  than  either  of  the 
micas,  so  the  rock  may  be  called  either  mica  schist  or 
chlorite  schist. 

No.  32.  Quartz-mica  schist. — Gray  compact  quartzose 
schist  with  inconspicuous  micas.  In  thin  section  the 
rock  is  found  to  be  very  fine  grained,  few  of  the  lar- 
gest crystals  being  as  much  as  0.2  millimeter  across 
and  the  micas  usually  being  measured  in  hundredths 
of  a  millimeter.  It  consists  essentially  of  quartz,  mus- 
covite, biotite,  feldspar,  and  chlorite,  named  in  about 
the  order  of  decreasing  abundance.  The  feldspar  is 
subordinate  in  amount  and  Is  in  part  plagioclase 
(about  ollgoclase)  In  fresh  individuals,  showing  good 
alblte  twinning.  E2pidote,  zircon,  apatite,  calclte,  and 
iron  oxides  are  the  commonest  accessory  minerals. 

No.  33.  Hornblende  schist. — Dark-green,  moderately 
schistose  hornblende  rock.  The  thin  section  exhibits 
a  schistose  structure  in  which  hornblende  crystals 
making  up  90  per  cent  of  the  rock,  are  as  a  rule  from 
0.5  to  1  millimeter  in  length  and  are  entirely  without 
crystal  boundaries.  Quartz,  feldspar,  and  epidote 
occur  in  subordinate  amounts;  iron  oxides,  calclte. 
and  apatite  are  accessory.  The  feldspar  Is  probably 
all  plagioclase,  but  is  extensively  altered  to  sericite. 

No.  34.  Mica  schist. — Very  fine  fissile,  gray  schist 
with  thin  slaty  cleavage.  The  thin  section  exhibits 
fine  lamellation,  in  which  the  banding  ranges  from 
0.02  to  0.06  millimeter  in  width,  although  the  indi- 
vidual micas  are  commonly  0.3  to  0.5  millimeter  in 
length.  The  principal  constituents  of  the  rock  are 
quartz,  muscovite,  biotite,  chlorite,  iron  oxides,  and 
epidote.  Feldspar  is  present  in  subordinate  amounts, 
but  owing  to  the  fineness  of  grain  and  the  abundance 
of  dark  minerals  Its  relative  proportion  is  difficult 
to  determine. 

The  mica  schists  of  Group  V  strongly  sug- 
gest metamorphosed  sediments,  but,  as  is  usu- 
ally the  case,  microscopic  evidence  can  be  con- 
sidered only  auxiliary  to  the  field  evidence. 
The  rocks  of  this  group  likewise  resemble  the 
quartz-mica  schists  of  the  Gunnison  Canyon 
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area,  which  have  been  separated  from  the  more 
prevalent  biotite  schist  type  of  that  region. 

The  character  of  the  boundaries  between 
Groups  IV  and  V  and  between  Groups  V  and 
YI  could  not  be  determined  on  the  present  trip. 

QBOUP  VI.  GBANTTX  GNEISS  AND  AMPHIBOLITX. 

From  a  point  about  a  mile  west  of  the  mouth 
of  Hermit  Creek  to  a  point  about  a  mile  west 
of  the  mouth  of  Clear  Creek,  a  distance  of 
about  9^  miles,  the  rocks  are  chiefly  granite 
gneiss  and  amphibolite. 

On  Hermit  Creek  the  prevailing  rock  is  a 
coarse  pinkish  granite  gneiss  (No.  35).  The 
gneissoid  character  is  strongly  developed,  and 
the  banding  is  very  wavy  and  crumpled  in 
detail.  The  strike  of  the  gneissoid  banding  is 
N.  20^  E.  and  the  dip  80°  SE.  In  places 
the  mica  in  the  gneiss  is  partly  segregated 
in  curious  porphyritic  lumps.  No.  40  is  a 
specimen  of  this  phase  of  the  rock.  There 
are  areas  of  a  finer-grained  gneiss  (No.  38), 
and  here  and  there  narrow  bands  of  chlorite 
schist  (No.  39),  probably  inclusions. 

The  gneiss  is  everywhere  crowded  with  pink 
pegmatitic  injections.  The  pegmatite  consists 
of  quartz,  microcline,  muscovite,  and  biotite. 
Some  of  the  bodies  of  pegmatite  are  several 
hundred  feet  wide  and  contain  crystals  of 
muscovite  as  much  as  6  inches  in  diameter. 

The  gneiss  in  the  canyon  of  Salt  Creek 
(No.  45)  is  somewhat  less  micaceous  than  that 
on  Hermit  Creek  but  differs  little  in  general 
appearance.  It  suggests  a  sheared  granite  in 
the  field.  The  strike  of  the  gneissoid  banding 
is  N.  20°  E.  and  the  dip  75°  SE.  The  gneiss 
contains  some  bands  of  amphibolite  (No.  46), 
which  occur  at  intervals  of  about  100  feet  and 
range  from  1  foot  to  6  feet  in  width.  They 
have  the  same  strike  and  dip  as  the  gneisses. 

The  Archean  was  next  visited  at  the  "  cork- 
screw "  on  the  Cameron  trail,  where  the  trail 
descends  to  Pipe  Creek  in  the  line  of  the 
Bright  Angel  fault.  The  rock  west  of  the  fault 
is  a  pink  medium-grained  granite  (No.  49)  that 
is  somewhat  less  gneissoid  than  the  gneisses 
already  described  but  otherwise  resembles  them 
in  appearance.  The  rock  on  the  east  side  of  the 
fault  and  on  the  east  side  of  Pipe  Creek  is  a 
much-contorted  greenish  hornblende  schist 
(No.  50),  which  is  much  injected  with  pink 
pegmatitic  material.  The  strike  is  northeast- 
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erly  and  the  dip  nearly  vertical.  This  horn- 
blende schist  was  also  found  underneath  the 
tiny  cap  of  Unkar  strata  that  lies  below  the 
end  of  the  long  promontory  of  Tapeats  sand- 
stone jutting  out  east  of  Pipe  Creek,  and 
it  appears  to  be  exposed  over  a  considerable 
area  to  the  southeast  up  Colorado  Kiver. 

Petrography  of  specimens. 

No.  85.  Oranite  gneiss. — Coarse,  lamella  ted  mica- 
ceous rock  with  large  crystals  of  feldspar  and  quartz. 
In  thin  section  the  rock  exhibits  evidence  of  crushing 
and  partial  granulation.  The  individual  crystals  have 
very  ragged  outlines  and  are  entirely  without  crystal 
boundaries.  They  range  in  size  from  a  fraction  of  a 
millimeter  to  3  millimeters.  The  rock  consists  chiefly 
of  quartz,  biotite,  muscovite,  slllimanite,  and  feldspar, 
with  accessory  apatite,  zircon,  garnet,  and  magnetite. 
The  larger  quartz  crystals  show  undulatory  extinc- 
tion. The  feldspar  Is  altered  and  iron  stained,  but  is 
determinable  as  orthoclase  and  soda  plagioclase.  The 
slllimanite  occurs  in  myriads  of  long,  slender  needles, 
which  give  It  a  fibrous  appearance,  and  Is  probably 
of  the  variety  called  flbrollte. 

No.  38.  Oranite  gneiss. — ^Plnklsh-gray,  rather  fine 
grained.  The  gneissoid  structure  of  the  rock  Is  well 
shown  In  the  thin  section  by  the  parallel  arrangement 
of  the  micas.  The  Individual  crystals  are  of  Irregular 
outline,  and  the  largest  are  1.5  millimeters  In  longer 
dimension.  Quartz  Is  the  most  abundant  constituent, 
and  with  altered  feldspar,  muscovite,  'biotite,  and 
chlorite  makes  up  most  of  the  rock.  Garnet,  Iron 
oxides,  apatite,  and  zircon  are  the  commonest  acces- 
sory minerals.  The  feldspar  Is  serlcltlzed  and  stained 
with  iron  oxides,  but  is  in  part  determinable  as  soda 
plagioclase.  The  gneiss  was  probably  derived  from  a 
granite  and  may  be  called  either  a  granite  gneiss  or 
mica  gneiss. 

No.  39.  Chlorite  schist,  —  Greenish-gray  schistose 
rock.  In  thin  section  the  schistoslty  of  the  rock  Is 
very  pronounced.  The  bands  of  chlorite  alternate 
with  quartz  and  serlcitic  muscovite,  which  has  ap- 
parently been  derived  from  the  alteration  of  feldspar. 
The  rock  Is  rather  fine  gralne<l,  the  quartz  crystals 
and  pseudomorphs  after  feldspar  being,  as  a  rule,  not 
more  than  0.3  millimeter  in  longer  dimension,  although 
the  chlorite  crystals  may  be  as  much  as  3  millimeters 
in  length.  Quartz,  chlorite,  and  serlcitic  muscovite  are 
the  chief  mineral  constituents;  subordinate  amounts 
of  feldspar  and  Iron  oxides,  with  accessory  apatite, 
zircon,  garnet,  and  epidote,  are  also  present. 

No.  40.  Segregation  in  gneiss. — ^The  chip  Is  largely 
muscovite  in  a  well-lamellated,  contorted  structure, 
with  feldspar  and  quartz.  The  microscope  reveals  a 
mixture  of  quartz,  altered  feldspar,  muscovite,  chlo- 
rite, and  iron  oxides.  Some  of  the  muscovite  crystals 
are  very  large  and  polkUitically  Include  the  other  con- 
stituents. The  feldspar  Is  altered  to  serldte,  some- 
what kaollnized  and  Iron  stained,  but  apparently  was 
originally  orthoclase  and  soda  plagioclase.  Zircon 
and  apatite  were  observed  in  accessory  amounts.    The 
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mineral  constituents  of  the  rock  are  entirely  without 
crystal  boundaries,  and  many  of  the  mica  crystals  are 
contorted  and  broken. 

No.  4S.  Chyiniie  gneisM. — ^Pinkish  gray  and  well 
banded.  The  thin  section  exhibits  gnelssoid  struc- 
ture with  a  seriate  fabric  in  which  the  individual 
crystals  are  allotriomorphic  and  range  from  a  frac> 
tion  of  a  millimeter  to  5  millimeters  in  longer  dimen- 
sion. Quartz,  feldspar,  and  mica  are  the  dominant 
minerals;  iron  oxides,  apatite,  and  zircon  occur  in 
accessory  amounts.  The  feldspar  consists  of  micro- 
cline,  soda  plagioclase,  and  orthoclase  and  is  slightly 
altered  to  kaolin  and,  in  a  less  degree,  to  sericite. 

No.  46.  Hornblende  schist  or  amphibolite. — ^Dark 
green,  medium  grained,  and  very  schistose.  In  a 
section  cut  nearly  parallel  to  the  cleavage  the  schis- 
tosity,  which  is  well  displayed  in  the  hand  specimen, 
is  not  at  all  evident.  Hornblende,  soda  plagioclase, 
and  quartz  are  the  principal  constituents;  apatite, 
iron  oxides,  and  zircon  are  present  In  accessory 
amounts.  The  plagioclase  Is  largely  altered  to  seri- 
cite but  apparently  had  the  composition  of  oligoclase 
to  andesine.  This  schist  is  similar  to  No.  4,  of 
Group  I. 

No.  49.  OranUe. — ^Pink  medium-grained  biotite  gran- 
ite. In  thin  section  the  rock  has  a  seriate  porphyroid 
fabric  in  which  the  Individual  crystals  are  allotrio- 
morphic and  range  in  size  from  a  fraction  of  a  milli- 
meter to  more  than  2  millimeters.  Quartz,  feldspar, 
and  biotite  are  the  principal  constituents ;  iron  oxides» 
zircon,  and  apatite  occur  in  accessory  quantitiea 
The  feldspar  is  somewhat  kaolinized  and  consists  of 
microcline  and  plagioclase  having  the  approximate 
composition  of  oligoclase. 

No.  50.  Hornblende  schist — ^Dark-^reen  medium- 
grained  schistose  rock,  with  reddish  feldspar.  In 
section  the  rock  shows  a  schistose  structure  produced 
by  the  parallel  arrangement  of  the  hornblende  crys- 
tals. The  individual  minerals  are  allotriomorphic  and 
range  from  a  fraction  of  a  millimeter  to  more  than 
2  millimeters  in  longer  dimension.  The  rock  consists 
essentially  of  hornblende,  plagioclase,  quartz,  and 
biotite,  named  in  about  the  order  of  decreasing  abun- 
dance. The  plagioclase,  which  has  approximately 
the  composition  of  andesine,  has  a  reddish  color  due 
to  inclusions  of  numerous  minute  specks  of  iron  oxide. 
Apatite,  titanite,  epidote,  iron  oxides,  and  calcite  were 
observed  in  accessory  amounts. 

About  a  mile  west  of  the  mouth  of  Clear 
Creek,  on  the  north  side  of  the  river,  there  is 
a  huge  irregular  body  of  what  appears  to  be 
massive  granite  in  the  gneisses.  Owing  prob- 
ably to  its  massive  character  this  rock  resisted 
the  pre-Cambrian  erosion  and  now  projects 
well  above  the  plane  of  the  unconformity  at  the 
base  of  the  Tapeats  sandstone  and  excludes 
the  sandstone  entirely.  This  monadnock  was 
noted  by  Davis.^     It  is,  so  far  as  known,  the 

^  Davis,  W.  Mm  An  excuralon  to  the  Grand  Canyon  of  the 
Colorado :  Harvard  Coll.  Mus.  Comp.  Zoology  Bull.  38,  geol. 
ser.,  vol.  5,  No.  4,  fig.  16,  p.  174,  1901. 


highest  monadnock  of  Archean  rock  in  the 
Kaibab  division  of  the  canyon,  although  it  is 
several  hundred  feet  lower  than  a  number  of 
the  monadnocks  of  Algonkian  quartzite. 

OBOUP  yn.  lacA  schist. 

From  a  point  half  a  mile  west  of  the  mouth 
of  Clear  Creek  to  a  point  near  the  mouth  of 
Grapevine  Creek,  a  distance  of  8^  miles,  the 
rocks  are  a  series  of  mica  schists  and  mica 
quartzites  which  strike  northeast  and  dip  verti- 
cally or  steep  northwest.  These  rocks,  exposed 
southwest  of  Vishnu  Temple,  were  named  the 
Vishnu  terrane  by  Walcott,*  who  recognized 
their  sedimentary  origin.  In  the  exposure  across 
the  strike  there  is  probably  some  duplication 
by  folding  or  faulting,  but  the  thickness  must 
be  at  least  5,000  feet.  The  same  rocks  are  ex- 
posed for  a  distance  of  2  miles  along  their 
strike  in  the  gorge  of  Clear  Creek,  on  the 
north  side  of  Colorado  Biver. 

In  Lone  Tree  Canyon  the  prevailing  rock  is 
a  fine-grained  pinkish  to  greenish  gray  quartz- 
sericite  schist  (No.  53) ,  which  is  the  least  meta- 
morphosed rock  of  supposed  sedimentary  origin 
that  was  found  in  the  Archean  complex  in  the 
Grand  Canyon.  The  original  bedding  can  be 
made  out  in  places  and  corresponds  in  the  main 
with  the  direction  of  the  schistose  banding; 
the  separate  beds  are  distinguished  by  slight 
differences  in  color  and  texture.  Nearly  all 
the  rocks  have  a  very  fine,  almost  paper-thin 
slaty  lamination.  Some  beds  display  a  faint 
cross-bedded  structure.  The  prevailing  strike 
is  between  N.  20°  E.  and  N.  70°  E.,  and  the 
dip  between  45°  and  80°  NW.  They  are  cut 
by  numerous  faults  of  small  throw.  It  seemed 
probable  in  the  field  that  the  rock  was  origi- 
nally a  micaceous  shaly  sandstone  like  the 
Dox  sandstone  of  the  Algonkian  Unkar  group 
or  like  many  beds  in  the  Cambrian  Tonto 
group.  Curiously,  many  of  the  beds  show 
numerous  small  circular  spots  of  a  magenta 
color  which  are  similar  to  the  spots  found  all 
through  the  strata  of  the  Unkar  and  Tonto 
groups. 

Specimen  No.  54  is  a  piece  of  sandstone  from 
the  overlying  unmetamorphosed  Tonto  group 
taken  for  comparison  with  the  Archean  speci- 
men No.  53.    When  the  labels  are  removed  it 

•Walcott,  C.  D.,  Pre-Cambrlnn  iinioous  rocks  of  the  Unknr 
terrane,  Grand  Canyon  of  the  Colorado,  Ariz. :  U.  S.  Geol. 
Survey  Fourteenth  Ann.  Rept.,  pt.  2,  p.  506,  1894. 
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is  impossible  to  tell  ivith  the  unaided  eye  which 
is  the  unmetamorphosed  rock,  and  in  thin  sec- 
tions the  resemblance  is  almost  as  close. 

The  rocks  of  Lone  Tree  Canyon  greatly  re- 
semble in  the  field  those  of  Group  V  in  Slate 
Creek,  in  the  Shinumo  quadrangle,  but  are 
less  metamorphosed.  There  are  no  pink  in- 
trusions in  the  schists  of  Lone  Tree  Canyon, 
but  there  is  a  small  amount  of  milky  quartz  in 
thin  veins  and  stringers. 

In  the  canyon  of  Boulder  Creek  the  rocks 
and  structure  are  practically  the  same  as  in 
Lone  Tree  Canyon. 

In  the  canyon  of  Grapevine  Creek,  near  the 
east  end  of  the  exposures  of  Group  VII,  the 
rocks  are  mica  schists  and  quartz-mica  schists 
in  alternating  bands,  injected  by  dikes  of  coarse 
pink  pegmatite.  There  is  a  great  deal  of 
milky  quartz  in  the  schists,  in  veins  and 
stringers.  The  pink  intrusive  rocks  are  of  the 
same  character  as  those  in  other  groups  of  the 
Archean.  In  this  locality  they  occur  for  the 
most  part  in  very  irregular  masses,  some  of 
which  appear  to  be  mashed  and  folded  with  the 
schists.  Specimen  No.  56  is  mica  schist  from 
the  canyon  of  Grapevine  Creek;  No.  67  is 
quaftz-mica  schist.  There  is  a  great  deal  more 
evidence  of  metamorphism  here  than  in  Lone 
Tree  Canyon.  The  schists  are  greatly  mashed 
and  contorted  and  no  prevailing  strikes  and 
dips  are  obtainable.  These  rocks  in  the  canyon 
of  Grapevine  Creek  resemble  in  the  field  those 
near  the  eastern  boundary  of  Group  II,  at  the 
Cable  Crossing,  in  the  Shinumo  quadrangle. 

Petrography  of  apecimena. 

No.  53.  Quartz-aericite  achiat,— White,  with  pink 
tones  on  cleavage  surface.  Thin-bedded,  platy,  with 
fine  sandy  texture  on  surface  transverse  to  cleavage. 
In  thin  section  quartz  is  the  most  abundant  mineral 
and  occurs  in  allotriomorphic  grains  usually  less  than 
0.2  millimeter  in  diameter,  although  there  are  coarser 
segregations  in  which  the  crystals  may  be  as  much  as 
0.5  millimeter  across.  These  coarser  areas  show  less 
interstitial  material  and  may  represent  pebbles  in  the 
original  sediment.  The  quartz  grains  are  cemented 
together  by  a  finely  comminuted  aggregate  composed 
chiefly  of  sericitic  muscovite,  chlorite,  and  epldote, 
which  may  have  been  derived  from  the  cementing 
material  of  the  original  rock.  Considerable  feldspar 
may  have  originally  been  present,  but  it  is  now  almost 
entirely  altered  to  sericite  and  in  minor  degree  to 
kaolin.  Muscovite,  biotite,  and  epidote  occur  in  sub- 
ordinate amounts;  zircon,  tourmaline,  apatite,  and 
iron  oxides  are  the  commonest  accessory  minerals. 
The  rock  has  the  appearance  of  a  more  or.  less  meta- 


morphosed shaly  sandstone  or  grit,  although  It  does 
not  show  pronounced  evidence  of  recrystallization  and 
pressure.  The  term  quartz-sericite  schist  is  suggested 
as  indicating  its  content  and  structure  without  con- 
noting its  origin.  The  terms  mica  quartzite  or  sericite 
quartzite  might  be  used  equally  well.  The  rock  is 
strikingly  similar  In  structure  and  composition  to 
specimen  No.  54,  from  the  Cambrian  Tapeats  sand- 
stone, although  it  is  less  even  grained  and  apparently 
contains  more  interstitial  material.  However,  a  sec- 
tion oblique  to  the  cleavage  would  have  been  more 
satisfactory  for  comparison  of  the  two  rocks  than 
the  one  studied. 

No.  54.  Tapeata  aandatone. — ^Bluish-gray  thin,  platy 
sandstone.  The  section,  cut  obliquely  to  the  cleavage 
of  this  rock,  resembles  No.  53  rather  closely.  More 
than  90  per  cent  of  the  rock  is  quartz  in  grains  of 
irregular  shape,  averaging  about  0.2  millimeter  in 
diameter.  Mica,  chiefly  biotite,  and  sericitic  mus- 
covlte  have  been  developed  and  occur  in  bands  about 
0.5  millimeter  apart,  giving  the  rock  its  good  cleav- 
age. A  few  relics  of  much-altered  feldspar  are  pres- 
ent, and  chlorite,  epidote,  zircon,  and  Iron  oxides 
were  observed  In  subordinate  or  accessory  quantities. 

No.  06.  Mica  aohiat, — Gray,  with  silvery  sheen  on 
cleavage  surface,  well  lamellated  and  fine  grained. 
In  section  the  rock  has  a  pronounced  schistose  struc- 
ture in  which  the  individual  grains  are  allotriomorphic 
and  are  usually  less  than  0.2  millimeter  in  diameter, 
although  the  mlcac  may  be  as  much  as  1  millimeter  in 
longer  dimension.  Quartz,  muscovlte,  and  biotite  are 
the  chief  mineral  constituents  of  the  rock.  The  feld- 
spar has  been  almost  entirely  altered  to  sericite  and 
kaolin  but  was  probably  subordinate  to  the  minerals 
named.  Epidote,  zircon,  apatite,  and  iron  oxides  were 
observed  in  accessory  amounts. 

No.  57.  Quartz-mica  a<^iat — ^Fine  grained,  compact, 
dark  gray,  quartzose.  In  thin  section  the  rock  has  a 
vague  schistose  structure,  and  the  individual  crystals 
are  allotriomorphic  and  average  about  0.2  millimeter 
in  diameter.  Quartz,  feldspar,  biotite,  and  muscovlte 
are  the  dominant  mineral  constituents,  named  in  about 
the  order  of  descending  abundance.  The  feldspar  is 
altering  to  sericite  and  In  less  degree  to  kaolin  but 
apparently  was  originally  orthoclase  and  soda  plagio- 
clase.  The  micas  are  not  so  abundant  as  In  most  of 
the  other  schists  and  occur  in  fine  leaves.  Zircon, 
apatite,  epidote,  and  iron  oxides  are  the  commonest 
accessory  minerals. 

Specimens  Nos.  56  and  57  resemble  Nos.  31  and  82, 
respectively. 

As  was  the  case  with  most  of  the  other  groups 
of  Archean  rock,  neither  the  eastern  nor  the 
western  boundary  of  Group  VII  could  be 
reached  on  the  present  trip  because  there  was 
no  place  near  them  where  a  break  in  the  Ta- 
peats cliff  would  permit  descent.  Viewed  from 
a  distance,  the  boundary  between  Groups  VI 
and  \T[I  appeared  to  be  a  fault,  but  the  in- 
creasing intensity  of  metamorphism  and  the 
injected   character  of  the  eastern  border  of 
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Group  VII  suggested  that  the  boundary  be- 
tween it  and  Group  YIU  may  be  an  intrusive 
contact. 

QiBOVT  YUL  G&AXITE  GHEI88. 

Group  VJll  is  exposed  from  a  point  near 
the  mouth  of  Gra()evine  Creek  to  the  east  end 
of  the  Gninite  Gorge,  a  distance  of  3^  miles. 
The  rocks  were  examined  in  the  small  canyon 
half  a  mile  east  of  Cottonwood  Creek,  in  the 
canyon  of  Hance  Creek,  and  in  the  Granite 
Gorge  l>etween  Mineral  Canyon  and  Red  Can- 
yon. In  the  locality  east  of  Cottonwood  Creek 
the  pi*evailing  rock  is  a  much-contorted  pink- 
isli  gneiss  (No.  60),  which  in  places  grades  into 
a  moi'e  micaceous  gneiss  (No.  61).  The  gneiss 
is  much  injected  by  pink  pegmatite  and  milky 
quartz,  which  appear  to  be  folded  with  it,  and 
is  cut  by  younger  bodies  of  pink  pegmatite. 
Because  of  the  intense  crumpling  of  the  gneiss 
there  is  no  general  strike  and  dip  traceable 
over  any  large  area. 

The  gneiss  in  the  canyon  of  Hance  Creek 
resembles  that  just  described.  There  are  two 
chief  types  which  grade  into  each  other — a 
pink  granite  gneiss  (No.  62)  and  a  gray  mica- 
ceous gneiss  (No.  63).  The  amount  of  pink 
pegmatitic  material  is  even  greater  than  in 
the  locality  east  of  Cottonwood  Creek,  and 
some  of  it  may  be  folded  and  mashed  with  the 
gneiss.  In  places  the  gneiss  itself  grades  into 
|)egmatite  and  aplite.  The  contortion  is  so 
great  that  no  prevailing  strike  and  dip  can  be 
made  out. 

Between  Mineral  Canyon  and  the  east  end 
of  the  Granite  Gorge  the  rocks  are  in  gneiss- 
oid  bands  of  varying  composition,  but  the 
prevailing  rock  is  pink  granite  gneiss  (Nos.  64 
and  66).  There  are  scattered  bands  of  garnet- 
iferous  mica  schist  (No.  65)  and  bands  of  bio- 
tite  schist  (No. 67),  also  considerable  pegmatite. 
In  general,  the  strike  of  the  gneissoid  banding 
is  northeasterly  and  the  dip  nearly  vertical. 

Petrography  of  specimens. 

No.  60.  Granite  gneiss, — ^Red,  fine-grainefl,  and 
banded.  The  section,  which  is  cut  parallel  to  the 
banding,  exhibits  a  seriate  porphyroid  fabric  in  which 
the  individual  crystals  range  from  a  small  fraction 
of  a  millimeter  to  more  than  1  millimeter  in  diameter. 
Quartz,  feldspar,  and  blotite  are  the  principal  con* 
stituents.  The  feUlspar  consists  of  orthoclase,  micro- 
cline,  and  microperthlte,  in  nearly  equal  amounts,  and 
plagioclase  having  about  the  composition  of  ollgoclase. 
The  plaglodase  and  orthoclase  particularly  and  the 


microcline  to  a  less  degree  are  weathered  and  stained 
and  include  numerous  fine  grains  of  iron  oxides 
which  give  them  a  reddish  color.  The  biotite  is 
leached  out  and  is  altering  to  chlorite.  Muscovite, 
apatite,  zircon,  and  iron  oxides  occur  In  subordinate 
or  accessory  amounts. 

No.  61.  Mica  gneiss. — ^Well-banded  gneissoid  rock 
containing  considerable  mica.  Under  the  microscope 
the  rock  exhibits  a  gneissoid  structure  and  is  made 
up  of  allotriomorphlc  crystals,  the  majority  of  which 
range  between  0.5  and  1.5  millimeters  in  longer 
dimension.  Quartz,  plagioclase  (chiefly  ollgoclase), 
biotite,  and  orthoclase  are  present,  named  In  about 
the  order  of  decreasing  abundance.  As  in  No.  60,  the 
feldspars  are  weathered  and  iron  stained  and  the 
biotite  is  being  leached  and  altered  to  chlorite.  Zir- 
con, apatite,  and  magnetite  are  present  as  accessory 
minerals ;  chlorite,  iron  oxides,  and  epidote  are  largely 
products  of  surface  alteration.  The  composition  of 
this  rock  hardly  permits  its  being  considered  a  meta- 
morphosed granite  of  the  normal  microcline  type. 
The  uneven  fracture,  the  segregation  of  the  several 
constituents,  and  the  general  appearance  in  the  hand 
specimen,  together  with  the  predominance  of  plagio- 
clase over  potash  feldspar  In  the  thin  section  suggest 
that  it  is  an  injection  gneiss. 

No.  62.  Ctranite  gneiss  (or  gneissoid  granite). — 
Pink  medium-grained  granitic  rock.  The  thin  section 
exhibits  a  seriate  intersertal  fabric  in  which  the  indi- 
vidual crystals  are  allotriomorphlc  and  range  in  diam- 
eter from  less  than  0.5  to  2  millimeters.  The  rock 
consists  of  quartz,  microcline,  soda  plagioclase,  ortho- 
clase, biotite,  and  muscovite,  named  in  approximately 
the  order  of  decreasing  abundance.  The  orthoclase 
and  plagioclase  are  extensively  altered  to  serlcite 
and  kaolin  and  are  colored  red  by  fine  inclusions  of 
iron  oxides.  Apatite,  zircon,  and  magnetite  occur  in 
accessory  amounts,  and  muscovite,  epidote,  chlorite, 
and  iron  oxides  are  for  the  most  part  products  of 
alteration.  Many  of  the  larger  individuals,  particu- 
larly the  microcline,  show  poikilitic  structure  in  thin 
section,  and  a  few  of  the  quartz  grains  show  undula- 
t(»ry  extinction.  This  feature,  together  with  the  in- 
tersertal fabric,  is  indicative  of  the  mashing  and  par- 
tial recrystallization  suffered  by  the  original  granite. 

No.  63.  Granite  gneiss. — Dark-gray  medium-grained 
biotite-rlch  gneiss.  In  thin  section  the  gneiss  has  a 
seriate  fabric  in  which  the  individual  crystals  are 
of  irregular  shape  and  range  from  a  fraction  of  a 
millimeter  to  more  than  3  millimeters  in  longer  dimen- 
sion. Quartz,  altered  feldspar,  biotite,  and  muscovite 
are  the  principal  constituents.  The  feldspars  are 
extensively  weathered  and  iron  stained,  and  kaolin 
is  the  chief  alteration  product,  although  considerable 
serlcite  has  also  been  developed.  Some  of  the  biotite 
is  brown  and  some  green,  and  it  is  in  many  places 
leached  or  altered  to  chlorite  and  magnetite.  Epidote, 
zircon,  apatite,  and  iron  oxides  occur  in  minute 
quantities. 

No.  64.  Granite  gneiss. — Pinkish  fine-grained  granite 
gneiss.  In  section  the  rock  has  but  a  suggestion  of 
gnei8.soid  structure  and  has  a  seriate  intersertal  fabric 
in  which  the  individual  crystals  are  allotriomorphlc 
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and  are  as  a  rule  not  more  than  1  millimeter  In  longer 
dimension.  Mlneraloglcally  the  rock  Is  very  similar 
to  Nos.  60  and  02  and  consists  essentially  of  quartz, 
soda  plagioclase,  mlcrocline,  muscovite,  biotite,  and 
possibly  a  small  amount  of  orthoclase,  with  the  usual 
accessory  and  secondary  constituents.  The  undu- 
latory  extinction  of  the  quartz,  the  poikilltic  character 
of  the  larger  crystals  of  mlcrocline,  and  the  inter- 
sertal  fabric  are  evidences  of  the  pressure  and  partial 
recrystallization  suffered  by  the  rock. 

No.  65.  Coarse  gametiferous  mica  schist, — Coarse, 
well-lamellated  mica  aggregates.  The  section  shows 
a  schistose  mixture  of  biotite,  muscovite,  garnets,  and 
iron  oxides  (chiefly  magnetite).  The  micas  are  10 
millimeters  or  more  in  length.  The  garnets  are  pink, 
many  of  them  include  biotite  and  Iron  oxides,  and  a 
few  are  surrounded  by  rims  of  chlorite,  to  which  the 
garnet  is  apparently  altering.  A  few  grains  of  zircon 
were  observed,  and  a  small  amount  of  badly  stained 
feldspar  may  be  present  in  one  of  the  two  slides  studied. 
No  quartz  was  recognized  in  the  sections,  although 
a  little  may  be  present  in  the  hand  specimen. 

No.  66.  Chranite  gneiss. — ^Pinkish  gray  and  gneissoid. 
Under  the  microscope  the  rock  is  found  to  have  a 
seriate  intersertal  fabric  in  which  the  Individual 
crystals  are  allotrlomorphic  and  range  in  size  from 
a  small  fraction  of  a  millimeter  for  the  interstitial 
crystals  to  4  millimeters  and  more  for  the  larger  ones. 
The  rock  is  very  similar  to  the  granite  gneisses 
already  described  and  consists  of  quartz,  orthoclase, 
mlcrocline,  soda  plagioclase,  biotite,  muscovite,  and 
iron  oxides,  named  in  about  the  order  of  decreasing 
abundance.  Apatite  and  magnetite  occur  in  accessory 
amounts,  and  chlorite,  sericite,  kaolin,  epidote,  and 
iron  oxides  have  resulted  from  weathering  and  other 
processes  of  alteration. 

No.  67.  Biotite  schist, — ^Dark  gray,  with  obscure 
pinkish  tones;  well  foliated  and  reddish  brown  on 
weathered  surfaces.  A  section  cut  parallel  to  the 
schistosity  discloses  a  nearly  equigranular  fabric  in 
which  the  individual  crystals  are  allotrlomorphic  and, 
save  for  micas,  are  rarely  as  much  as  0.2  millimeter 
in  diameter.  The  micas  are  of  irregular  and  ragged 
outline  and  are  usually  about  0.3  millimeter  in  longer 
dimension.  Feldspar,  extensively  altered  to  sericite, 
quartz,  and  biotite,  are  the  principal  mineral  con- 
stituents, and  apatite,  iron  oxides,  epidote,  zircon,  and 
garnet  were  observed  in  accessory  amounts.  The 
feldspar  is  too  much  altered  for  determination  but 
was  originally  present  in  quantity  equaling  or  exceed- 
ing the  quartz.  Inclusions  of  apatite  prisms  are 
unusually  numerous,  but  muscovite  of  the  sericitic 
variety  is  rare  or  absent.  This  rock  has  been  entirely 
recrystallized  and  has  been  rendered  completely 
schistose  during  the  process  of  metamorphism,  so 
that  no  trace  of  its  original  structure  remains.  How- 
ever, it  was  most  probably  derived  from  a  massive 
igneous  rock  of  granitic  character.  It  resembles  Nos. 
1,  3,  and  4  and  other  mica  schists  already  described, 
although  under  the  microscope  it  is  found  to  have  a 
higher  feldspar  content.  It  is  very  similar  to  the 
most  prevalent  type  of  biotite  schist  of  the  Gunnison 
River  area  in  Colorado. 


CONCLUSIONa 


COSBSLATIOV. 


It  will  be  apparent  to  the  reader  that  the 
present  study,  which  was  made  at  points  where 
the  topography  permitted  access  to  the  Ar- 
chean  rather  than  in  places  where  the  impor- 
tance of  Archean  structure  demanded  attention, 
has  yielded  data  that  are  rather  too  frag- 
mentary to  be  of  much  value  in  solving  the 
problems  of  Archean  structure  and  history  in 
the  Grand  Canyon  region.  Yet  it  has  afforded 
a  fair  estimate  of  the  general  character  of  the 
rocks,  and  a  few  conclusions  may  be  drawn. 

The  three  groups  of  mica  schist  (Groups  II, 
V,  and  VII)  are  apparently  parts  of  a  single 
series  of  rocks.  They  are  practically  identical 
in  mineral  composition,  are  similar  in  appear- 
ance in  the  field,  and  are  supposed  to  have  had, 
for  the  most  part,  a  similar  origin. 

Groups  I,  VI,  and  VIII,  chiefly  granitic 
gneiss,  hornblende  gneiss,  and  amphibolite, 
comprise  rocks  which,  collectively,  are  very 
similar  in  lithology  and  structure.  They  may 
be  included  in  one  series  and  called  gneisses, 
although  the  rocks  within  the  groups  represent 
several  periods  of  geologic  time  and  doubtless 
when  a  detailed  study  is  made  they  will  be  dif- 
ferentiated into  more  than  one  series  on  the 
evidence  of  their  origin  and  history. 

The  relations  of  the  greenstones  comprising 
Group  IV  are  uncertain,  but  the  metabasites 
resemble  many  of  those  in  the  gneiss  series.  It 
seems  probable  that  this  group  belongs  with 
the  gneisses,  though  further  investigation  may 
show  that  the  metadiorite  is  a  part  of  the 
diorite  of  Group  III  that  has  suffered  thermal 
metamorphism. 

The  massive  basic  rocks  are  the  quartz  diorite 
and  hypersthene  gabbro  of  Group  III.  They 
probably  represent  postdeformation  intrusions 
or,  at  any  rate,  relatively  late  intrusions  in  the 
complex. 

The  pink  siliceous  intrusive  rocks  comprise 
granite,  aplite,  and  pegmatite  and  are  the 
most  widely  distributed  of  the  Archean  rocks. 
They  probably  represent  several  periods  of 
igneous  activity.  The  older  material  is  as- 
sociated chiefly  with  the  gneisses  and  in  places 
appears  to  be  mashed  and  folded  with  them. 
It  does  not  appear  to  be  associated  with  the 
schists  except  in  places  near  the  borders  of  the 
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schist  groups.  The  younger  material  is  by  far 
the  most  abundant  and  widely  distributed  rock 
of  the  series.  It  is  chiefly  coarse  pegmatite, 
which  occurs  typically  in  dikes  that  cut  every 
group  of  rock  in  the  Archean. 

Estimated  roughly,  the  gneisses  comprise 
perhaps  50  per  cent  of  the  rocks  exposed  in  the 
Granite  Gorge,  the  mica  schists  30  per  cent, 
the  basic  intrusive  rocks  10  per  cent,  and  the 
pink  siliceous  intrusive  rocks  10  per  cent.  The 
relative  amount  of  the  pink  siliceous  rocks  is 
hardest  to  estimate  because  of  their  wide 
though  irregular  distribution.  It  may  be  very 
much  more  than  10  per  cent. 

OBIQIH  AND  HISTOBT. 

The  mica  schists  are  clearly  the  products  of 
regional  metamorphism,  for  nearly  every- 
where they  are  thoroughly  schistose  and  en- 
tirely recrystallized.  Those  in  Lone  Tree 
Canyon  are  the  least  metamorphosed,  and  in 
that  locality  there  is  evidence  that  they  rep- 
resent an  originally  sedimentary  series.  Inas- 
much as  the  mica  schists  in  all  the  other 
localities  are  very  similar  in  mineral  character 
to  those  in  Lone  Tree  Canyon,  it  seems  not 
improbable  that  they  also  are  in  large  part,  if 
not  entirely,  of  sedimentary  origin. 

Both  the  field  relations  and  the  microscopic 
study  indicate  that  the  gneisses  are  igneous  in 
origin,  but  it  is  clear  that  they  have  had  a 
long  and  complex  history.  Most  of  them  afe 
medium  to  coarse  grained  rocks  with  a  pro- 
nounced gneissoid  structure,  which  is  in  gen- 
eral parallel  in  trend  with  the  similar  structure 
in  the  schists.  These  gneisses,  with  the  schists, 
have  gone  through  at  least  one  period  of 
regional  metamorphism.  Many  of  the  gneisses 
are  thoroughly  recrystallized;  some  appear  to 
represent  metamorphosed  quartz  diorites; 
others,  metamorphosed  granites;  still  others, 
metamorphosed  basic  rocks.  Some  of  the 
granite  gneisses  are  injection  gneisses;  others, 
very  little  altered,  are  pressed  granites. 
Throughout  the  gneisses  granitic  rock,^  whether 
older  and  very  gneissoid  or  younger  and  little 
sheared,  is  the  predominating  type.  In  places 
the  gneiss  contains  bodies  of  chlorite  or  mica 
schist  that  are  thought  to  be  inclusions. 

Perhaps  the  most  important  problem  of  the 
Archean  geology  of  the  region  is  the  relation 

^  The  term  granitic  1b  aaed  here  In  a  hroad  sense  for  rocks 
that  were  originally  granite,  granodlorite,  monzonlte.  or 
quartz  diorlte. 


of  the  gneisses  to  the  schists.  If  the  schists 
are,  as  the  evidence  seems  to  indicate,  a  meta- 
morphosed sedimentary  series,  are  the  gneisses 
the  basement  upon  which  these  old  sediments 
were  laid  down,  or  are  the  gneisses  wholly  or 
in  part  intrusive  in  the  schists?  The  solution 
of  this  problem  must  depend  on  future  study 
in  the  field.  Unfortunately,  on  the  present 
trip,  none  of  the  boundaries  between  the  groups 
of  rocks  were  near  the  places  where  access  to 
the  Archean  was  to  be  had,  and  so  they  could 
not  be  examined.  These  boundaries  are  the 
critical  localities  of  the  Archean,  and  the  study 
of  them  will  undoubtedly  lead  to  the  decipher- 
ing of  much  of  the  geologic  history. 

Some  evidence  that  may  aid  in  solving  this 
problem  was  obtained  on  the  present  trip.  On 
Slate  Creek  a  broad  band  of  hornblende  gneiss 
was  found  between  the  prevailing  bands  of 
mica  schist;  associated  with  the  hornblende 
gneiss  is  a  band  of  mica  gneiss  or  granite 
gneiss.  The  study  of  these  gneisses  in  thin  sec- 
tion indicates  that  the  hornblende  gneiss  is  a 
metamorphosed  quartz  diorite  and  that  the 
mica  gneiss  is  a  metamorphosed  granite.  The 
hornblende  gneiss  and  the  mica  gneiss  appear 
to  represent  quartz  diorite  and  granite  in- 
truded into  the  schists  before  the  close  of  the 
period  of  regional  metamorphism.  Thus  it  is 
probable  that  a  part,  at  least,  of  the  rocks  of 
the  gneiss  series  are  intrusive  in  the  schists, 

The  great  amount  of  pegmatitic  material  in 
the  schists  near  the  eastern  boundary  of  Group 
VII  suggests  that  this  boundary  may  prove  to 
be  an  intrusive  contact  between  the  schists  and 
the  granitic  gneiss  (probably  an  injection 
gneiss)  of  Group  VIII. 

It  is  the  impression  of  the  writers  that  when 
the  history  of  the  gneisses  and  schists  is  worked 
out  it  may  be  found  that  some  of  the  greatly 
wrinkled  and  contorted  granitic  gneisses  are 
the  oldest  rocks  of  the  Archean  and  are  a  part 
of  the  original  basement  upon  which  the  schist 
series  of  metamorphosed  sediments  was  laid 
down;  that  both  before  and  for  some  time 
after  the  deposition  of  the  sediments  there 
were  long  periods  of  complex  igneous  intrusion 
now  represented  by  amphibolite,  granite  gneiss, 
and  metadiorite ;  and  that  some  of  these  intru- 
sives  penetrated  the  sediments  after  they  were 
deposited. 

The  most  obvious  event  in  the  Archean  his- 
tory is  the  regional  metamorphism  that  in- 
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volved  both  the  gneiss  and  schist  series.  As  a 
result  of  it  most  of  the  rocks  were  recrystal- 
lized  and  nearly  all  of  them  acquired  a  gneiss- 
oid  or  schistose  banding  which  has  a  dominant 
northeast  strike  and  a  nearly  vertical  dip. 
This  structure  suggests  that  the  compressive 
forces  acted  either  from  the  northwest  or  from 
the  southeast.  It  may  be  noted  that  a  similar 
structure  characterizes  the  Archean  complex  in 
the  Globe  region  described  by  Bansome/  and 
the  complex  on  the  west  and  southwest  border 
of  the  Grand  Canyon  district,  described  by 
Schrader.* 

The  massive  basic  intrusive  rocks  of  Group 
III  may  be  younger  than  the  period  of  regional 
metamorphism.  The  quartz  diorite  cuts  the 
schists  of  Group  II,  but  the  relation  of  the 
gabbro  to  the  diorite  and  that  of  both  the 
gabbro  and  the  diorite  of  Group  III  to  the 
rocks  of  Group  IV  are  not  known.  None  of 
the  earlier  pink  siliceous  intrusives  are  found 
in  the  diorite  and  gabbro,  which,  however,  are 
cut  by  the  later  pegmatites  of  the  pink  siliceous 
series. 

The  age  of  the  earlier  granite  and  pegma- 
tite of  the  series  of  pink  siliceous  intrusives 
is  not  clear.  Some  of  the  material  is  asso- 
ciated with  certain  granite  gneisses  in  such 
a  way  as  to  suggest  that  its  intrusion  accom- 
panied or  closely  followed  that  of  the  material 
from  which  this  gneiss  was  derived.  It  was 
rather  difficult  to  determine  whether  this  mate- 
rial has  really  suffered  deformation,  whether 
it  was  intruded  during  deformation,  or 
whether  it  was  intruded  after  deformation,  fol- 
lowing the  contortions  of  an  already  deformed 
structure.  Detailed  study  may  show,  there- 
fore, that  some  of  these  rocks  should  be  classed 
with  the  gneisses,  if  they  prove  to  have  suffered 
deformation.  Xo  doubt  some  of  the  peg- 
matitic  injections  accompanied  the  regional 
metamorphism.  Others  are  thought  to  have 
been  associated  with  certain  .injection  gneisses 
whose  relative  age  is  not  yet  known. 

There  are  many  bodies  of  pink  granite  that 
are  clearly  later  than  the  regional  meta- 
morphism.   Perhaps  the  latest  outburst  of  peg- 

^Ransome,  F.  L..  Geology  of  the  Globe  copper  district. 
Aria. :  U.  8.  Geol.  Survey  Prof.  Paper  12.  p.  24.  1903. 

*  Schrader.  F.  C,  Mineral  deposits  of  the  Oerbat  Range, 
Blaclc  Mountains,  and  Grand  Wash  Cliffs.  Mohave  County, 
ArU. :  U.  S.  GeoL  Survey  Bull.  397,  p.  29,  1909. 


matitic  activity  accompanied  or  closely  fol- 
lowed the  intrusion  of  these  granites.  The 
pegmatites  of  this  latest  outburst  cut  every 
group  of  rock  in  the  Granite  Gorge  and  record 
the  latest  decipherable  event  in  the  igneous 
activity  of  Archean  time.  Some  of  these  pink 
granitic  intrusives  are  usually  visible,  from 
whatever  point  the  visitor  may  view  the  inner 
canyon.  Because  of  their  wide  distribution 
and  conspicuous  appearance  the  name  Granite 
Gorge  is  not  inappropriate,  although  pure 
granite  is  far  from  being  the  most  abundant 
lock  in  the  gorge. 

.  The  following  summary,  by  Lindgren,*  of 
the  igneous  activity  in  the  Cordilleran  region 
in  pre-Cambrian  time  is  of  interest  in  com- 
parison with  the  present  study  of  the  Archean 
in  the  Grand  Canyon.  The  agreement  seems 
close  enough  to  show  that  when  the  igneous 
history  of  the  pre-Cambrian  in  the  Grand  Can- 
yon is  unraveled  it  will  be  found  to  differ  little 
from  that  of  the  great  region  of  which  the 
Grand  Canyon  district  is  a  part. 

Pre-Beltlan : 
Granitic  gneisses  (oldest) ;  restricted  areas. 
Surface  lavas  and  tuffs;  restricted  areas. 
Granitic  intrusions,  now  gneisses;  small  areas. 
Basic  intrusions;  small  areas. 
Granitic  intrusions;  very  large  areas. 
Pegmatitlc  intrusions;  large  areas. 
Beltlan:  Diabase  intrusions,  probably  with  basalt 
flows;  small  areas. 

The  pre-Beltian  of  Lindgren  is  the  Archean 
of  the  Grand  Canyon.  The  Beltian  is  the 
Algonkian  Grand  Canyon  series;  it  is  made  up 
in  the  Grand  Canyon,  as  elsewhere,  of  diabase 
intrusions  and  basalt  flows. 

The  Archean  complex  of  the  Grand  Canyon 
is  now  known  as  the  Vishnu  schist  in  the  usage 
of  the  United  States  Geolo^cal  Survey.  It  is 
evident,  however,  from  the  present  study  that 
the  name  includes  two  or  more  very  different 
series  of  rocks.  Doubtless  it  will  be  advisable 
at  some  future  time  to  restrict  the  name  Vishnu 
schist  to  the  mica  schist  series  and  give  another 
name  or  names  to  the  gneisses,  but  until  a  more 
detailed  study  is  made  a  change  in  the  present 
usage  would  be  premature. 

•Lindgren,  Waldemar,  The  ijnieoas  geology  of  the  Cordil- 
leras and  its  problems:  Problems  of  American  geology,  p. 
246,  Yale  University  Press.  1910. 


NORTH  AMERICAN  UPPER  CRETACEOUS  CORALS  OF  THE  GENUS 

MICRABACIA. 


By  Llotd  William  Stephenson. 


INTRODUCTION. 

Corals  are  meagerly  represented  in  the  Upper 
Cretaceous  deposits  of  North  America,  and 
much  of  the  material  is  in  a  poor  state  of  preser- 
vation and  can  not  be  satisfactorily  identified, 
either  generically  or  specifically.  It  is  impor- 
tant, therefore,  to  place  on  record  descriptions 
and  illustrations  of  some  well-preserved  corals 
of  the  genus  Micrabacia  from  the  Atlantic  and 
Gulf  Coastal  Plain  and  from  the  western  in- 
terior of  the  United  States.  The  specimens 
from  the  Coastal  Plain,  with  the  exception  of 
those  from  New  Jersey  and  one  lot  from  Mis- 
sissippi, are  in  a  much  better  state  of  preserva- 
tion than  those  I  have  seen  from  either  the 
western  interior  or  Europe,  though  most  of 
them  are  soft  and  to  insure  their  safe  handling 
it  was  found  best  to  harden  them  with  a  dilute 
solution  of  white  shellac. 

Seven  species  and  two  varieties  have  been 
recognized.  All  are  new  with  the  exception  of 
Micrabacia  americana  Meek  and  Hay  den,  which 
was  originally  described  from  poorly  preserved 
specimens  found  in  South  Dakota.  They  are 
all  represented  by  small,  free,  disk-shaped,  sim- 
ple (that  is,  not  colony  forming)  coraUites,  not 
exceeding  10  millimeters  in  diameter.  On  ac- 
count of  their  small  size  it  is  necessary  to  study 
the  specimens  under  a  lens  of  moderately  high 
power,  and  to  figure  them  adequately  it  is  neces- 
sary to  enlarge  them  four  to  eight  times. 

One  of  the  new  species,  M.  crihraria,  occurs 
in  the  upper  part  of  the  Black  Creek  formation 
in  North  Carolina  and  the  lower  part  of  the 
Ripley  formation  in  Alabama.  Poorly  pre- 
served specimens,  questionably  referred  to  this 
species,  have  been  found  in  the  lower  part  of  the 
Selma  chalk  in  Mississippi,  and  specimens  in  a 
still  poorer  state  of  preservation  but  appar- 


ently having  the  same  type  of  basal  sculpture 
occur  in  the  Woodbury  clay  in  New  Jersey. 
The  strata  exposed  at  aJl  these  localities  are  of 
approximately  the  same  age  and  occur  in  the 
upper  part  of  the  zone  of  Exogyra  ponderosa,  a 
fossil  zone  which  has  been  traced  from  New 
Jersey  to  Mexico.  So  far  as  known,  therefore, 
this  species  is  confined  within  narrow  strati- 
graphic  limits  and  will  probably  prove  to  be  a 
valuable  index  fossil. 

All  the  other  Atlantic  and  Gulf  coast  species 
occur  in  the  zone  of  Exogyra  costaia,  which 
overlies  the  Exogyra  ponderosa  zone  and  which 
also  has  been  traced  from  New  Jersey  to 
Mexico.  MicralnuAa  americana  Meek  and  Hay- 
den  and  its  variety  muUicostaia  are  found  in 
the  upper  part  of  the  Montana  group  of  the 
western  interior  of  the  United  States,  in  beds 
that  correspond  in  age  to  the  zone  of  Exogyra 
costata.  None  of  these  forms  are  known  to 
have  a  very  wide  geographic  range,  but  within 
faunal  subprovinces  they  will  probably  prove 
to  be  useful  horizon  indicators. 

Little  is  known  of  the  race  history  of  the 
genus.  The  oldest  species  referred  to  it  is  M. 
heaumontii  Milne-Edwards  and  Haime,  from 
the  lower  part  of  the  Lower  Cretaceous  (Neo- 
comian),  Caussols,  Department  of  Var,  France. 
K  this  species  was  correctly  identified  the  ge- 
nus therefore  ranges  through  the  Cretaceous, 
but  its  pre-Cretaceous  ancestors  are  unknown, 
and  apparently  it  became  extinct  before  the 
beginning  of  the  Eocene. 

The  type  species  of  the  genus  is  M.  coronula 
(Goldfuss),  from  the  chalk  of  Essen,  Germany. 
Milne-Edwards  and  Haime  *  have  described  one 
species,  M,  heaumontii,  from  the  Neocomian  of 


1  AnnaleB  ad.  nat.,  3d  ser.,  vol.  15,  p.  90, 1851. 
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Caussols,  Department  of  Var,  France;  Duncan  * 
has  described  a  species,  M.  JiUoni,  from  the 
Gault  (Albian)  of  Folkestone,  England;  and 
Bdlsche '  has  described  a  species,  M.  senonien- 
siSf  from  the  Upper  Senonian  of  Gehrden,  Ger- 
many, where  it  is  associated  with  BelemniteUa 
mucroruita  Schlotheim.  I  have  compared  the 
American  material  with  typical  specimens  of 
the  type  species,  M,  coronvla  (Goldfuss),  and 
have  confirmed  their  generic  identity.  Exam- 
ples of  M.  heaumontii,  M.  JUtoni,  and  M.  seno- 
niensis  are  not  available  for  comparison,  and 
the  figures  are  poor,  so  that  I  have  not  been  able 
to  verify  the  correctness  of  their  reference  to 
Micrabacia. 

In  1905  T.  Wayland  Vaughan  (see  synonymy, 
below)  made  the  genus  the  type  of  the  new  fam- 
ily Micrabaciidae,  under  which  he  also  included 
the  genera  Diafungia  Duncan,  Microsmillia 
Koby,  Podoseris  Duncan,  and  AntiUoseris 
Vaughan.  This  paper  has  been  prepared  under 
the  supervision  of  Mr.  \iaughan,  to  whom  I  am 
indebted  for  references  to  literature  and  for 
constructive  criticism  in  regard  to  the  generic 
relations,  the  classificatory  value  of  the  coral 
characters,  and  the  use  of  terms. 

Mr.  T.  W.  Stanton  has  informed  me  of  the 
stratigraphic  position  of  the  specimens  from 
the  western  interior,  most  of  which  were  inade- 
quately labeled. 

The  specimens  of  Micrabacia  from  Maryland 
were  collected  by  Messrs.  Stanley  Worden  and 
M.  I.  Groldman;  those  from  North  Carolina,  by 
me;  those  from  the  Chattahoochee  region  and 
Alabama,  by  Mr.  Stanton  and  me;  those  from 
Mississippi,  by  me;  those  from  Texas,  by  Mr. 
R.  H.  Bruce;  and  those  from  the  western  inte- 
rior by  Messrs.  Stanton,  F.  H.  Knowlton, 
Homer  Squyer,  H.  M.  Robinson,  V,  H.  Bar- 
nett,  C.  J.  Hares,  C.  E.  Siebenthal,  and  W.  C. 
Knight. 

1  BritJah  fossil  oorab,  2d  ser.,  pt.  2,  p.  37,  pi.  14,  figs.  6-9:  Paleonto- 
gnphlcal  Society,  vol.  23, 1870. 
I  Deutsch.  geol.  Oesell.  Zeitacbr.  ,Band  18,  pp.  472, 473,  pi.  0,  fig.  1, 1866. 


SYSTEMATIC  DESCRIPTIONS. 
Oenus  MICBABACIA  Milne-Sdwirds  and  Halme. 

1816.  Cyclolitee.    William  Smith  (not  Lamarck),  Strata 

identified  by  organic  fossils,  p.  15. 
1826.  Fungia.    Goldfuas,  Petrefacta  Germanise,  vol.  1,  p. 

50,  pi.  14,  fig.  10. 

1840.  Fungia.    F.  A.  Roemer (not Lamarck),  Die Veistein- 
erungen  des  norddeutschen  Kreidegebiiges,  p.  25. 

1849.  Micrabacia.    Milne-Edwards  and  Haime,   Gompt. 

Rend.  Paris  Acad.  Sci.,  vol.  29,  p.  71. 

1850.  Micrabacia.    Milne-Edwards  and  Haime,  A  moncH 

graph  of  the  British  fossil  corals,  p.  xlvii,  Paleon- 
tographical  Society. 

1851.  Micrabacia.    Milne-Edwards  and  Haime,  Annales 

sci.  nat.,  3d  ser.,  Zoologie,  vol.  15,  p.  88. 
1860.  Micrabacia.    Milne-Edwards,  Histoire  naturelle  des 

coralliaires,  vol.  3,  p.  29  (amended). 
1869.  Micrabacia.    Duncan,  A  monograph  of  the  British 

fossil  corals,  2d  ser.,  pt.  2,  p.  24,  Paleontographical 

Society,  vol.  22. 
1876.  Micrabacia.    Meek  and  Hayden,  A  report  on  the 

invertebrate  Cretaceous  and  Tertiary  fossils  of  the 

upper  Missouri  country:  U.  S.  Geol.  and  Geog. 

Survey  Terr.  Kept.,  vol.  9,  p.  1. 
1884.  Micrabacia.    Duncan,  Linnean  Soc.  London  Jour., 

Zoology,  vol.  18,  p.  143. 
1905.  Micrabacia.    Vaughan,  U.  S.  Nat.  Mus.  Proc.,  voL 

28,  p.  387. 
Type  species,  Fungia  coronula  Goldfuss. 

The  most  complete  previous  description  of 
the  genus  is  that  given  by  Duncan: 

Corallum  simple,  free,  lenticular,  broader  than  high, 
convex  above,  slightly  concave  at  the  base,  which  has  a 
circular  outline.  Calice  with  a  small  shallow  axial  depres- 
sion, filled  by  a  false  columella,  from  which  the  principal 
septa  radiate,  being  joined  with  those  of  the  higher  orders 
toward  the  circumference.  Septa  numerous,  solid,  imper- 
forate, arched  above,  with  a  perpendicular  outer  edge. 
Gostce  distinct  on  the  base,  bifurcating  at  the  edge,  a 
process  from  two  cost»  forming  a  septum.  Intercostal 
spaces  continuous  with  the  line  of  direction  of  the  septa, 
crossed  by  synapticula  in  concentric  rows,  and  perforate 
between  the  synapticula.  Interseptal  locuU  crossed  by 
large  and  small  synapticula,  which  radiate  from  the  base 
in  discontinuous  Unes,  bounding  canalicular  spaces  con- 
tinuous below  with  the  intercostal  openings  and  above 
w^th  the  interseptal  loculi  high  up.  Costse  granular. 
Septa  crenulate  or  minutely  denticulate. 
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Key  to  species  of  the  genus  Micrabada.^ 

Goetfie  abeent  in  a  sievelike  central  area  of  the  base,  which  includes  about  60  per  cent  of  the  basal  diameter.    Denticu- 

lations  on  septal  edges  ten  to  1  millimeter M.  cribaria  Stephenson  (p.  117,  PI.  XX,  figs.  1-3). 

Costfie  extending  to  center  of  base: 

Gost£e  of  last  cycle  long  (20  to  30  per  cent  of  diameter  in  adults),  thick  at  terminus: 
Costse  acute,  denticulate: 

Costse  96 M.  americana  Meek  and  Hayden  (p.  118,  PL  XX,  figs.  4-6). 

Gestae  more  than  96 M.  americana  var.  multioostata  Stephenson  (p.  119,  PI.  XX,  fig.  6). 

Costse  smooth.    Denticulations  on  septal  edges  eight  or  nine  to  1  millimeter. 

M.  rotatilis  Stephenson  (p.  119,  PI.  XXI,  figs.  1-4). 
Costse  faintly  beaded.    Denticulations  on  septal  edges  nine  or  ten  to  1  millimeter. 

M.  rotatilis  \'ar.  georgiana  Stephenson  (p.  120,  PL  XXI,  figs.  5-6). 
Coetae  of  last  cycle  short  (7  to  18  per  cent  of  diameter  of  base) ,  thin  at  terminus: 
Gestae  subacute,  distinctly  denticulate: 

Denticulations  of  costae  medium  coarse.    Gorallum  relatively  high;  sides  steep.    Denticulations  on 

septal  edges  ten  to  1  millimeter M,  hilgardi  Stephenson  (p.  120,  PL  XXII,  figs.  1-6). 

Denticulations  of  costae  coarser  than  in  M,  hilgardi.    Gorallum  laige ;  sides  evenly  rounded .    Septal  edges 
alternate  in  prominence  on  the  sides.    Denticulations  on  septal  edges  ten  to  1  millimeter. 

M.  marylandica  Stephenson  (p.  121,  PL  XXII,  figs.  7-10). 
Denticulations  of  costae  coarse.    Denticulations  on  septal  edges  twelve  to  1  millimeter.    Lengths  of 
costae  of  last  cycle  more  irregular  and  average  length  greater  than  in  the  two  preceding  species. 

M.  mineoknsis  Stephenson  (p.  122,  PL  XXIII,  figs.  6-8). 
Costae  flattish,  faintly  beaded: 

Gorallum  low,  sides  straight,  inclined  inward.    Denticulations  on  septal  edges  eleven  dr  twelve  to  1 

millimeter M.  mississippiensis  Stephenson  (p.  123,  PL  XXIII,  figs.  9-11). 

Gorallum  high,  sides  nearly  or  quite  vertical.    Denticulations  on  septal  margins  seven  to  1  millimeter. 

M.  conmula  Goldfuss  (p.  124,  PL  XXIII,  figs.  1-5). 


Micrabacia  cribraria  Stephenflon*  n.  sp. 

Plate  XX,  figures  1-3. 

Corallum  subdiscoidal;  base  nearly  flat; 
upper  surface  convex,  with  axial  depression 
slightly  less  than  1  miUimerter  deep.  Dimen- 
sions of  the  type:  Diameter  6.5  millimeters, 
height  2.5  millimeters. 

The  imder  side  of  the  wall  or  base  to  a  radial 
distance  from  the  center  of  about  2  millimeters 
is  irr^ularly  tuberculated  and  presents  numer- 
ous sieveUke  perforations  roughly  arranged  in 
radial  rows  corresponding  to  the  positions  of 
the  septa.  The  rough  central  area  merges  into 
a  costate  mai^inal  band,  the  cost®  nimoibering 
96  and  alternating  with  the  septa.  The  costae 
are  thicker  than  the  intercostal  loculi,  are 
roughly  tuberculated,  and  on  the  periphery 
project  prowlike  somewhat  beyond  the  edges 
of  the  septa.  In  each  intercostal  loculus  are  syn- 
apticulsd  separated  by  elongated  perforations. 

The  septa  are  thin  and  form  five  complete 
cycles,  arranged  in  six  groups,  one  group  in 
each  of  the  interspaces  between  the  six  pri- 
maries. Total  number  of  septa  96.  The 
secondaries  extend  to  the  colimiella;  the  ter- 
tiaries    fuse    against    the    secondaries    near 

1  Bxdadlng  the  species  Jf.  beaumontH  Milne-Edwardfl  and  Halme, 
J£.  fittoni  Duncan,  and  M.  tenonienaU  Bdlacihe,  the  deeciiptions  of  whi<fli 
are  inadequate. 


the  columella;  the  two  outer  quaternaries  of 
the  group  fuse  against  the  tertiaries  nearer  the 
center  than  the  two  inner  ones;  the  two  outer 
quinaries  of  each  of  the  two  subgroups  formed 
about  the  tertiaries  fuse  against  the  quater- 
naries nearer  the  center  than  the  two  inner 
quinaries  of  each  subgroup.  The  primary 
septa  are  slightly  higher  than  the  members  of 
the  higher  cycles,  and  their  upper  margins 
curve  sharply  downward  into  the  central 
depression;  the  secondaries  are  slightly  lower 
than  the  primaries,  and  the  tertiaries,  quater- 
naries, and  quinaries  each  become  progressively 
slightly  lower.  The  margins  of  the  septa  are 
finely  denticulate,  the  number  being  about  ten 
to  1  millimeter.  Synapticulas  are  numerous; 
stri»  are  present  on  the  sides  of  the  septsa  at 
the  upper  margins,  apparently  arranged  f an- 
Uke,  though  only  partly  exposed. 

Colmnella  elliptical  in  cross  section,  spongy, 
trabecular,  a  certain  number  of  the  trabeculae 
terminating  in  more  or  less  scattered,  irregu- 
larly distributed  papillse;  length  of  cross 
section  about  one-fifth  the  diameter;  width 
about  one-tenth  the  diameter. 

This  species  differs  from  the  other  species  of 
American  Micrabacia  in  the  arrangement  of  the 
basal  costse,  which  instead  of  extending  to  the 
center  merge  into  a  perforated,  irregularly 
calcified,  noncostate,  sieveUke  area. 
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^ype.—Collection  of  the  United  States 
^tional  Museum,  catalogue  No.  3 1996.  From 
Whiteley  Creek  Landing,  Neuse  River,  N.  C. 
(6354).* 

Distribviwn.—lHoTih  Carolina:  Snow  HUl 
marl  member  of  Black  Creek  f  onnation  (upper 
part  of  Exogyra  ponderosa  zone),  Whiteley  Creek 
Landing,  Neuse  River  (5354)  jKerrs  Cove,  Black 
River  (5362).  Alabama:  Lower  part  of  Ripley 
formation  (upper  part  of  Exogyra  ponderosa 
2one),UnionSpringsat**ConecuhFalls"  (6820); 
Central  of  Georgia  Railway  cut  half  a  mile  west 
of  Union  Springs  (6815).  Mississippi:  Lower 
part  of  Seima  chalk  (upper  part  of  Exogyra 
ponderosa  zone),  questionably  on  the  Tupelo 
road  8  miles  west  of  Fulton,  Lee  County  (6452). 

Micrabacia  americanm  Meek  and  Hayden. 
Plate  XX,  figfurefl  4-6. 
*^.  Miarohacia  eoronula.    Meek  and  Hayden,  Philadel- 
pliia  Acad.  Nat.  Sci.  Ppoc.,  vol.  12,  p.  430  (not 
187«        ^'  ^^^^^^^^^i  Milne-EdwBjrds  and  Haime). 
»76.  Micrabacia  amerioana.    Meek  and  Hayden,  A  report 
on  the  invertebrate  ('retaceous  and  Tertiary  foe- 
flilB  of  the  upper  Miaeouri  country:  U.  8.  Geol. 

and  Geog.  Survey  Terr.  Rept.,  vol.  9,  p.  1,  pi.  28, 
figs.  la-^. 

<»•♦  ^®  "Ascription  given  in  the  second  paper 
cited  above  is  as  foUows: 

jj^l  ^  anaall,  subplano-convex,  or  dightly  concave 

abov«     1    ^'^vex  with  a  rather  deep  central  depreesion 
xiiiin^  ^ntwioetal  foramina  of  the  mural  disk  oval  and 

aboiit?r-      V  ^^   ^^  *^***«  ^^  ^^  ^^^  ^^^  Btraight, 
xieaj-  100  ^  ^^ddle,  but  bifurcating  so  as  to  number 

Sex>ta  few*f?^^  ^®  periphery,  apparenUy  denticulate. 

tio^  of  Z^l^LZ'^t''  ^"'  ^^^'"^^  ^^  I^"  ^*^^^ 
£  cofit»      *tK     "^ea  between,  so  aa  to  equal  the  nimiber 

^        J        '  ,        'w^nich  they  alternate  on  the  periphery,  very 
,^.^1  ^'ply  denticulate  on  the  upper  and  lateral 


. ,  ®®p^^ption  can  hardly  be  improved  so 

'         .  ■.  .  ^yp®  ixiaterial  is  concerned,  but  that 

J^^^^^'      .       ^®  ®^  poorly  preserved  as  scarcely  to 

F^^^T^^pI^     -^^^^    identification    of    other 

"^^bablv  S^^    ^**     '^®  number  of  cost®  is 

^-^       X  lu        ^^  ^^®  periphery,  and  the  group- 

"^  .     ^^^QtsB   and  septa  is  probably  the 

^^ —      ^     witVi     ^^    ^^®  species  described  in  this 

j>  ^kP^.  '  gA^       ^®  exception  of  M.  americana  var. 

'Tg^'Vi^^^'^         ,    »    '^liich  has  a  greater  number  of 

,t/^^  ^  sligiitly  modified  arrangement  of 


1 


X\x^   ^^.^  ^^*^^  the  groups. 

specimens    from  one  locality  in  Wyoming 

d   ^5l!^!i/ocalities  in  Montana,  all  from  the 


-j-0«**"^^  ^^'^'^t^^wes  refer  to  United  States  Geological  Survey 
Coll^^'**  "^^^  otherwise  indit-ated. 


upper  part  of  the  Montana  group,  are  referred 
to  this  species,  and  one  of  them  with  well<-pre- 
served  costse,  associated  in  the  same  piece  of 
rock  with  if.  amerwma  var.  muUicostatay  is 
figured  in  Plate  XX,  figure  4.  In  this  figured 
specimen  the  costse,  which  number  96,  are 
arranged  in  six  groups,  16  in  a  group;  they 
are  acute,  becoming  thicker  on  the  periphery, 
and  are  distinctly  and  rather  finely  denticu- 
late. The  bifurcations  of  the  separate  cycles 
are  at  irregular  distances  from  the  center; 
the  costffi  of  the  highest  cycle  are  relatively 
long  (1.5  to  2  millimeters),  in  this  respect  re- 
sembling those  of  M.  rotatilis.  The  synapti- 
culad  in  the  intercostal  loculi  extending  to  the 
center  number  12  or  more  and  are  separated 
by  radially  elongated  perforations.  The  sy- 
napticulaB  and  perforations  are  not  definitely 
arranged  in  concentric  rows.  Other  fragmente 
in  the  same  matrix  indicate  that  the  septa 
are  thin  and  correspond  in  niunber  to  the 
costae,  with  which  they  alternate;  on  the  sides 
of  the  septa  are  striae  and  rows  of  sjmapticulae 
and  tubercles  radiating  fanlike  from  a  point 
near  the  base  of  the  coliunella.  The  septa  are 
attached  to  the  wall  by  a  row  of  synapticuUe 
that  connect  with  the  intercostal  synapticuke. 

The  strongly  denticulate  cost®  serve  to  dis- 
tinguish this  species  from  M,  rotoHlis  and  M. 
rotaiilis  var.  georgiana,  its  nearest  allies  in  the 
Coastal  Plain. 

Type. — Collection  of  United  States  National 
Museum,  Catalogue  No.  456.  From  Moreau 
River,  S.  Dak. 

Occurrence. — ^Fox  HiUs  sandstone,  Moreau 
River,  S.  Dak.  (U.  S.  N.  M.  catalogue  No.  456) ; 
questionably  identified  from  the  Bearpaw 
shale,  Forsyth  project,  sec.  26,  T.  1  N.,  R. 
34  E.,  Montana  (8133) ;  questionably  identified 
from  the  Pierre  shale  (upper  part),  4  miles 
northeast  of  Moorcroft,  Wyo.  (7208);  ques- 
tionably identified  from  the  Montana  group 
(probably  upper  part),  20  miles  southwest  of 
Mingusville,  Mont.  (Homer  Squyer  collection, 
U.  S.  N.  M.  catalogue  No.  22976) ;  and  from 
*^  Montana/'  probably  from  the  Montana  group 
(upper  part) ,  and  perhaps  from  the  locaUty  20 
miles  southwest  of  Mingusville  (Homer  Squyer 
collection,  U.  S.  N.  M.  catalogue  No.  21896). 

Range. — ^Upper  part  of  the  Montana  group, 
including  the  upper  part  of  the  Pierre  shale  and 
the  Fox  Hills  sandstone. 
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Micnbaeia    americana   yar.    mnlticostata   Stephenson, 

n.  Tar. 

Plate  XX,  figuie  6. 

This  variety  is  based  on  one  specimen  7  milli- 
meters in  diameter,  showing  only  the  under 
side  of  the  wall  (base).  In  the  same  matrix 
are  other  specimens  and  fragments  which  jMrob- 
ably  belong  to  M.  americana  Meek  and  Hayden. 
The  costse  are  acute,  sharply  defined,  distinctly 
and  finely  denticulate  and  mmiber  123  at  the 
periphery;  two  costsB  fail  to  reach  the  margin, 
being  suppressed  or  crowded  out  by  adjacent 
ones.  In  general  appearance  the  sculpture  of 
the  bade  resembles  that  of  M.  americana  Meek 
and  Hayden.  The  costse  are  separable  into 
six  groups,  but  the  number  of  costse  extending 
to  the  margins  of  the  group  is  not  uniform, 
some  of  the  cycles  not  being  complete.  The 
number  of  costae  in  the  six  groups  taken  in  suc- 
cession about  the  disk  are  22,  22,  20,  22,  19, 
and  18;  one  cost  a  is  crowded  out  in  each  of  the 
last  two  groups.  The  bifurcations  of  each 
cycle  are  at  very  irregular  distances  from  the 
center.  The  intercostal  loculi  are  crossed  by 
synapticulse,  which  in  the  loculi  extending  to 
the  center  number  12  or  more.  The  synapticu- 
lae  are  separated  by  radially  elongated  perfora- 
tions. 

This  variety  diflF3rs  from  all  the  known  spe- 
cies of  Micrabacia  in  that  it  possesses  123 
instead  of  96  costee.  The  lack  of  uniformity  in 
the  number  of  costae  in  the  groups  and  the 
obvious  crowding  out  of  one  costa  in  each  of 
two  groups  suggests  that  the  type  specimen 
may  be  abnormal.  The  fact  that  three  of  the 
six  groups  of  costse  number  22  suggests  that 
the  total  number  of  costee  in  a  normal  specimen 
would  be  132,  though  this  would  mean  at  least 
one  incomplete  cycle  of  costse. 

Type, — Collection  of  United  States  National 
Museum,  catalogue  No.  31997. 

Occurrence. — Cretaceous  of  *'  Montana,"  prob- 
ably from  the  upper  part  of  the  Montana  group, 
and  perhaps  from  the  locality  20  miles  south- 
west of  Mingusville  (Homer  Squyer  collection). 

Micrabacia  rotatilis  Stephenson. 

Plate  XXI,  figures  1-4. 

1916.  Micrabacia  rotatilis.  Stephenson,  Maryland  Geol. 
Survey,  Upper  Cretaceous,  pp.  753-755,  pi.  49, 
figs.  1-4. 

Corallum  subdiscoidal;  moderately  high,  with 
flat  to  rather  strongly  concave  base;  sides  steep 


below,  rounding  evenly  into  the  subflattish  top ; 
axial  depression  1.5  to  2  millimeters  deep. 
Dimensions  of  the  type:  Diameter  9  millime^ 
ters,  height  about  4  millimeters. 

The  costffi  on  the  base  are  thin  and  sharply 
defined  and  alternate  with  the  septa;  they  start 
with  six  at  the  center  and  by  successive  bifur- 
cations increase  to  96  on  the  periphery;  they 
are  nearly  smooth  and  increase  slightly  in  thiok- 
ness  from  the  center  to  the  periphery.  The 
costas  are  in  six  groups  corresponding  to  the 
groups  of  septa.  Each  group  starts  with  one 
costa  (first  cycle),  which  bifurcates  near  the 
center  to  form  two  cost®  (second  oycle) ;  these 
bifurcate  0.5  millimeter  from  the  center  to 
form  four  costae  (third  cycle) ;  the  four  bifur- 
cate about  1  millimeter  from  the  center  and  pro- 
duce eight  costse  (fourth  cycle) ;  and  the  eight 
bifurcate  1.5  to  2  millimeters  from  the  center, 
producing  16  cos  tee  (fifth  cyle) ;  in  the  last  cycle 
the  bifurcations  producing  the  two  outer  and 
the  two  middle  pairs  of  the  group  take  place 
nearer  the  center  than  those  of  the  other  four 
pairs;  in  the  largest  specimens  the  pairs  of 
costsB  in  the  last  cycle  are  2.5  to  3  millimeters 
long.  The  ends  of  the  costse  are  prowlike  but 
scarcely  project  beyond  the  edges  of  the  septa. 
The  intercostal  loculi  are  narrow  and  are  crossed 
by  small  synapticulse  separated  by  radially 
elongated  perforations;  in  the  type  the  perfora- 
tions in  the  intercostal  loculi  extending  to  the 
center  number  18;  the  intercostal  synapticulse 
and  perforations  are  roughly  arranged  in  con- 
centric rows. 

The  septa  are  thin  and  form  five  complete 
cycles  arranged  in  six  groups,  one  group  in  each 
of  the  interspaces  between  the  primary  septa. 
Total  number  of  septa  96.  The  secondaries 
extend  to  the  columella;  the  tertiaries  fuse 
against  the  secondaries  near  the  columella;  the 
two  outer  quaternaries  of  the  group  fuse  against 
the  tertiaries  nearer  the  center  than  the  two 
inner  ones ;  the  two  outer  quinaries  of  each  of 
the  subgroups  formed  about  the  tertiaries  fuse 
against  the  quaternaries  nearer  the  center  than 
the  two  inner  ones.  The  primary  septa  are  a 
little  higher  than  the  members  of  the  higher 
cycles,  and  the  septa  of  each  of  the  succeeding 
cycles  appear  to  be  a  little  lower  than  those  of 
the  preceding  cycles.  The  edges  of  the  septa 
are  finely  and  distinctly  denticulate,  the  num- 
ber of  denticulations  being  eight  or  nine  to  1 
millimeter;  the  inner  edges  of  the  primaries  and 
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Becondaries  are  bifid,  each  presenting  a  trough- 
like depression  with  serrated  margins  descend- 
ing to  the  top  of  the  colnmella;  sides  of  septa 
with  striae,  tubercles,  and  rows  of  synapticulsB 
radiating  fanlike  from  a  point  near  the  base  of 
the  columella.  Each  septum  is  joined  to  the 
wall  (base)  by  synaptioulsB  that  connect  with 
the  intercostal  synapticulse.  These  are  sepa- 
rated by  perforations  that  connect  with  the 
intercostal  perforations. 

Columella  elliptical  in  cross  section,  spongy, 
trabecular,  some  of  the  trabeculse  terminating 
above  in  more  or  less  scattered,  irregularly  dis- 
tributed small  papillae;  length  of  cross  section 
about  one-sixth  the  diameter;  width  about  one- 
twentieth  the  diameter. 

This  species  differs  from  other  species  of 
Micrabacia  from  the  Coastal  Plain  in  the  greater 
sharpness  and  smoothness  of  the  basal  costse, 
the  greater  irregularity  in  the  distance  of  the 
bifurcations  of  the  several  cycles  from  the 
center,  the  greater  length  of  tixe  eostae  of  the 
last  cycle,  the  greater  number  of  intercostal 
perforations,  and  the  greater  size  attained  by 
the  adults.  It  is  distinguishable  from  M. 
rotatUia  var.  georgiana  by  its  smoother  and 
slightly  thicker  costae.  M.  americana  Meek 
and  Hayden  and  its  variety,  mvUicoataiaf  have 
more  strongly  denticulate  bases.  In  M.  cora- 
nvJa  (Goldfuss),  of  the  European  Cretaceous, 
the  denticulations  of  the  septal  edges  are 
markedly  coarser  than  those  of  any  of  the 
American  species. 

Type. — Collection  of  the  Maryland  Geo- 
logical Survey,  on  deposit  in  the  United  States 
National  Museum.  From  a  locality  seven- 
eighths  of  a  mile  southwest  of  Brightseat,  Md. 

Diatribution. — Prince  Georges  County,  Md., 
Monmouth  formation  {Exogyra  costata  zone), 
bed  of  small  branch  about  seven-eighths  of  a 
mile  southwest  of  Brightseat  and  three- 
eighths  of  a  mile  south  of  the  Sheriff  road; 
near  McNeys  Comers,  about  a  mile  west  of 
Friendly;  questionably  near  Seat  Pleasant. 

Range. — ^The  three  localities  enumerated  are 
within  the  Exogyra  costata  zone. 

Micrabacia  rotatilis  var.  georgiana  Stephenson*  n.  var. 

Plate  XXI,  figures  &-8. 

This  variety  is  based  on  four  nearly  complete 
specimens  and  several  fragments  from  Mercers 
Mill  Creek  near  Georgetown,  Quitman  County, 
Ga.,  which  possess  most  of  the  specific  charac- 


ters of  M.  roiatUia  except  that  the  oostiB  are 
thinner  and  sharper,  producing  a  more  open 
effect,  and  instead  of  being  nearly  smooth  are 
rather  faintly  denticidated,  though  strongly 
enough  to  produce  a  rougher  appearance  than 
that  of  the  more  typical  members  of  the 
species.  The  synapticul»  on  the  sides  of  the 
septa  seem  also  to  be  a  little  coarser,  and  there 
is  a  tendency  for  the  striaB  to  be  replaced  by 
rows  of  small  tubercles.  The  number  of  den- 
ticulations on  the  margins  of  the  septa  is  nine 
or  ten  to  1  millimeter.  Dimensions  of  the 
type  (PI.  XXI,  figs.  6-7):  Diameter,  6.5 
millimeters;  height,  2.75  millimeters. 

Type. — Collection  of  United  States  National 
Museimi,  catalogue  No.  31998. 

Occurrence. — ^Upper  part  of  Ripley  format 
tion  (upper  part  of  Exogyra  costata  zone). 
Mercers  Mill  Creek  near  Georgetown,  Quitman 
County,  Ga.  (5417). 

Micrabacia  hilgardi  Stephenson,  n.  sp. 

Plate  XXII,  figures  1-6. 

Corallmn  somewhat  variable,  but  in  general 
moderately  high,  subdiscoidal,  with  steep,  only 
slightly  convex  sides,  suggesting  a  truncated 
cone;  base  flat,  slightly  convex  or  slightly  con- 
cave; axial  depression  small  and  about  1  milli- 
meter deep  in  the  type,  with  steep  sides. 
Dimensions  of  the  type  (PI.  XXII,  figs.  4-6): 
Diameter  5.5  millimeters,  height  3  millimeters. 

The  costae  on  the  base  or  wall  start  with  six 
and  by  successive  bifurcations  reach  96  on  the 
periphery;  they  alternate  with  the  septa. 
Each  of  the  six  original  costae  (first  cycle)  is 
the  focus  of  a  group;  the  original  divides  near 
the  center  into  two  (second  cycle) ;  these  split 
about  0.5  millimeter  from  the  center  to  form 
four  (third  cycle);  the  four  spUt  1.25  to  1.5 
millimeters  from  the  center  to  form  eight  (fourth 
cycle) ;  and  finally  the  eight  split  on  the  periph- 
ery to  form  16  (fifth  cycle).  The  bifurcations 
of  each  cycle  are  at  rather  markedly  irregular 
distances  from  the  center.  Up  to  the  fourth 
cycle  the  costae  are  coarsely  denticulate;  those 
of  the  last  cycle  are  thin,  sharp,  and  finely  den- 
ticulate, and  form  a  narrow  band  bordering  the 
periphery;  they  project  slightly  beyond  the 
periphery.  In  the  narrow  intercostal  locuU 
are  synapticulae  numbering  12  in  the  loculi 
extending  to  the  center,  separated  by  slightly 
elongated  perforations;  the  intercostal  synap- 
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ticulffi  and  perforations  are  arranged  in  con- 
centric rows. 

The  septa  are  thin  and  are  separable  into  six 
groups,  each  group  occupying  the  interspace 
between  two  of  the  six  primaries.  Total 
number  of  septa  96.  The  secondaries  extend 
to  the  columella;  the  tertiaries  are  fused 
against  the  secondaries  near  the  columella; 
the  two  outer  quaternaries  of  each  group  are 
fused  against  the  tertiaries  nearer  the  center 
than  the  two  inner  ones;  and  the  two  outer 
quinariee  of  each  subgroup  formed  about  the 
tertiaries  are  fused  against  the  quaternaries 
nearer  the  center  than  the  two  inner  ones. 
The  primary  septa  are  slightly  higher  than  the 
secondaries,  and  their  inner  edges  descend 
steeply  to  the  top  of  the  colimiella;  the  mem- 
bers of  each  of  the  succeeding  cycles  are  slightly 
lower  than  those  of  the  preceding  cycles.  Mar- 
gins of  the  septa  finely  denticulate,  the  denticu- 
lations  numbering  about  twelve  to  1  millimeter. 
Sides  of  septa  with  stride,  tubercles,  and  synap- 
ticulse  radiating  fanlike  from  a  point  near  the 
base  of  the  columella.  Each  septum  is  joined 
to  the  wall  (base)  by  synapticulae  that  connect 
with  the  intercostal  synapticulse;  these  are 
separated  by  perforations  that  connect  with 
the  intercostal  perforations. 

Colimiella  elliptical,  spongy,  trabecular,  cer- 
tain of  the  trabeculss  terminating  above  in 
more  or  less  scattered,  irregularly  distributed 
papillae;  length  of  the  cross  section  a  little  less 
than  one-fifth  the  diameter;  width  a  little  less 
than  one-tenth  the  diameter. 

This  species  differs  from  M.  marylandica  in 
size  and  form,  being  smaller  and  having 
straighter  sides,  which  incline  slightly  more 
toward  the  center;  the  costse  are  not  quite  so 
thick,  the  costal  denticulations  are  a  little 
finer,  the  bifurcations  of  the  separate  cycles 
are  at  more  irregular  distances  from  the  center, 
and  the  edges  of  the  septa  on  the  sides  of  the 
corallum  do  not  alternate  in  prominence.  In 
M.  cribraria  the  corallum  is  flatter  and  only  the 
outer  cycle  of  basal  costae  are  clearly  distin- 
guishable, the  other  cycles  being  obscured  by 
calcification;  in  M.  rotatilis  the  corallum  is 
flatter  and  the  costse  are  thinner,  sharper,  and 
much  smoother,  and  the  costae  of  the  last  cycle 
are  much  longer;  in  M.  ajnericana  Meek  and 
Hayden  the  coraUtrai  is  flatter,  the  basal  costse 
are  thinner,  and  the  cost»  of  the  last  cycle  are 
much  longer  and  not  so  thin  at  the  extremities; 


in  M.  miasiasippiensis  the  corallum  is  flatter, 
the  basal  costaB  are  thimxer  and  smoother,  and 
the  bifurcations  of  the  separate  cycles  are  at 
less  regular  distances  from  the  center.  In  the 
European  species  M.  coronvla  (Ooldfuss)  the 
denticulations  on  the  margins  of  the  septa  are 
markedly  coarser. 

Type. — Collection  of  United  States  National 
Museum,  catalogue  No.  32001.  From  Lee's 
old  mill  site.  Union  County,  Miss.  (6873). 
Named  in  honor  of  Prof.  E.  W.  Hilgard,  former 
State  geologist  of  Mississippi. 

Distribution. — ^Mississippi:  Ripley  formation 
(Exogyra  costata  zone),  Lee's  old  mill  site,  2 
miles  northeast  of  Keownville,  Union  County 
(6873).  Chattahoochee  region:  Upper  part  of 
Ripley  formation  (Exogyra  cogtata  zone), 
Eufaula,  Ala.  (854);  Mercers  Mill  Creek  near 
Georgetown,  Ga.  (5417);  Chattahoochee  River, 
2  miles  below  Eufaula  (857). 

Range. — Exogyra  cosiata  zone. 

Mknbacla  marylandica  StephenaoB. 

Plate  XXII,  figures  7-10. 

1916.  Micrahada  marylandica.  Stephenson,  Maryland 
Geol.  Survey,  Upper  OetaceouB,  pp.  755-757,  pi. 
48,  figs.  1-4. 

This  species  is  based  on  seven  good  speci- 
mens and  a  few  fragments  from  the  Monmouth 
formation  of  Maryland. 

Corallum  low  to  moderately  high,  subdis- 
coidaly  base  flat  or  slightly  convex,  top  evenly 
convex  with  a  small  axial  depression  about  1.25 
millimeters  deep  in  the  type.  Dimensions  of 
the  type  (PI.  XXII,  fig.  10) :  Diameter  7  milli- 
meters,  height  3  millimeters. 

The  imder  side  of  the  base  or  wall  is  orna- 
mented with  a  system  of  radiating  bifurcating 
costsB  which  alternate  with  the  septa;  the  sys- 
tem starts  with  six  costa,  which  by  successive 
bifurcations  form  cycles  of  12,  24,  48,  and  96 
costffi.  Each  of  the  original  six  costse  (first 
cycle)  is  the  focus  of  a  group;  the  original  of 
each  group  splits  near  the  center  into  two  (sec- 
ond cycle) ;  these  spht  0.5  millimeter  from  the 
center  into  four  (third  cycle);  about  1.5  to  1.75 
millimeters  from  the  center  the  four  costas 
divide,  to  form  eight  (fourth  cycle) ;  and  about 
2.5  millimeters  from  the  center  in  the  type 
the  eight  divide,  producing  16  costse  (fifth 
cycle)  on  the  outer  rim.  The  bifurcations  of 
each  cycle  are  at  nearly  equal  distances  from 
the  center.     The  costse  up  to  the  fourth  cycle 
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are  relatively  thick  and  coarsely  nodular; 
those  of  the  last  cycle  are  thin,  finely  denticu- 
late, and  form  a  band  about  0.75  millimeter 
wide,  bordering  the  outer  margin;  they  ap- 
pear not  to  project  beyond  the  edges  of  the 
septa.  The  intercostal  loculi  are  very  narrow 
and  are  occupied  by  12  or  13  synapticulse  sepa- 
rated by  perforations,  most  of  which  are  slightly 
elongated  radially;  the  synapticube  and  perfo- 
rations are  arranged  in  concentric  rows. 

The  septa  are  very  thin  and  are  arranged  in 
six  groups,  one  group  in  each  of  the  interspaces 
between  the  primary  septa.  Total  number  of 
septa  96.  The  secondaries  extend  to  the 
columella;  the  tertiaries  fuse  against  the 
secondaries  near  the  columella;  the  two  outer 
quaternaries  of  the  group  fuse  against  the 
tertiaries  nearer  the  center  than  the  two  inner 
ones;  in  each  of  the  two  subgroups  formed 
about  the  tertiaries  the  two  outer  quinaries 
fuse  against  the  quaternaries  nearer  the  center 
than  the  two  inner  ones.  The  primary  septa 
are  slightly  higher  than  the  members  of  the 
higher  cycles,  which  appear  to  be  of  about 
equal  height.  On  the'  sides  of  the  corallum 
the  septa  distinctly  alternate  in  prominence. 
Margins  of  the  septa  finely  denticulate,  the 
number  of  denticulations  being  about  ten  to  1 
millimeter.  Sides  of  septa  with  striae  and 
rows  of  synapticulse  and  tubercles  radiating 
from  a  point  near  the  base  of  the  columella. 

Columella  elliptical,  spongy,  trabecular,  some 
of  the  trabeculae  terminating  in  more  or  less 
scattered,  insularly  distributed,  small  papUlse; 
length  of  cross  section  between  one-fifth  and 
one-sbcth  the  diameter;  width  about  one-tenth 
the  diameter. 

MicrahcLcia  hUgardi  differs  from  this  species 
in  size,  form,  and  ornamentation  of  the  base; 
its  corallum  is  smaller,  the  sides  straighter 
and  more  inclined,  and  the  septal  edges  on  the 
sides  of  the  corallum  do  not  alternate  in  promi- 
nence; the  bifurcations  of  its  separate  cycles 
of  costsB  are  at  more  irregular  distances  from 
the  center,  and  the  costae  are  thiimer  and  more 
finely  denticulate.  In  M.  cribraria  the  costse 
and  perforations  of  the  base  are  largely 
obscured  by  irregular  calcification,  and  the 
costse  project  more  prominently  on  the  periph- 
ery. In  M.  mississippievMs  the  basal  costse 
are  narrower,  smoother,  and  flatter,  the  bifiu*- 
cations  of  each  cycle  are  more  irregularly 
spaced  with  reference  to  the  center,  and  the 


profile  of  the  side  of  the  corallum  is  not  so 
steep  and  is  slightly  truncated.  In  M.  rotaiUis 
the  basal  cost»  are  thinner,  sharper,  and 
much  smoother.  In  Jf.  americana  Meek  and 
Hayden  the  costsB  are  narrower  and  sharper, 
and  the  bifurcations  producing  the  last  cycle 
are  much  nearer  the  center  and  at  less  regular 
distances  from  the  center.  In  M.  caranula 
(Ooldfuss)  the  corallum  is  higher  and  the 
septal  denticulations  coarser. 

Type. — Collection  of  the  Maryland  Geolog- 
ical Survey,  on  deposit  in  the  United  States 
National  Museum.  Foimd  seven-eighths  of  a 
mile  southwest  of  Brightseat,  Prince  Greorges 
County,  Md. 

Occurrence. — Monmouth  formation  (Exogyra 
costata  zone),  bed  of  small  branch  seven-eighths 
of  a  mile  southwest  of  Brightseat  and  three- 
eighths  of  a  mile  south  of  the  Sheriff  road, 
Prince  Georges  County,  Md. ;  half  a  mile  west  of 
Friendly,  Prince  Georges  County,  Md. 

Micrabacia  mlneolensis  Stepheii80B»  n.  sp. 

Plate  XXIII,  figures  6-S. 

The  description  of  this  species  is  based  on 
two  imperfect  specimens,  of  which  the  one 
shown  in  Plate  XXTTI,  %ure  6,  is  taken  as  the 
type. 

The  corallum  is  crushed  in  both  specimens 
but  appears  to  be  of  moderate  height,  with 
steep  to  nearly  vertical,  gently  convex  sides; 
axial  depression  of  moderate  size  and  about 
0.75  millimeter  deep  in  the  type;  base  slightly 
concave  in  both  specimens.  Dimensions  of  the 
type:  Diameter  5.5  millimeters,  height  2.5 
millimeters  (?). 

The  costse  on  the  base  start  with  six  at  the 
center  and  by  successive  bifurcations  reach  96 
on  the  periphery;  they  alternate  with  the  septa. 
The  costse  are  in  six  groups,  each  group  having 
as  its  focus  one  of  the  original  six  costae  (first 
cycle) ;  the  original  divides  near  the  center  into 
two  (second  cycle);  the  two  divide  about  0.6 
millimeter  from  the  center  to  form  four  (third 
cyde);  these  divide  about  1  to  1.25  millimeters 
from  the  center  to  form  eight  (fourth  cycle); 
and  the  eight  divide  1.25  to  2  millimeters  from 
the  center  to  form  16  (fifth  cycle).  The  costsB 
of  the  fifth  cycle  are  0.75  to  1.5  millimeters 
long.  The  bifurcations  forming  the  cost®  of 
the  third,  fourth,  and  fifth  cycles  are  at  rather 
markedly  irregular  distances  from  the  center. 
Up  to  and  including  the  fourth  cycle  the  costs 
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are  thick  and  coarsely  denticulate;  those  of  the 
fifth  cycle  are  thin,  sharp,  and  finely  denticulate 
and  project  a  little  beyond  the  edges  of  the 
septa.  The  interseptal  synapticulas,  which 
number  12  or  13  in  the  loculi  extending  to  the 
center,  are  separated  by  radially  elongated 
perforations. 

The  septa  are  thin  and  are  separable  into  six 
groups,  each  group  occupying  the  interspace 
between  two  of  the  six  primaries.  Total  num- 
ber of  septa  96.  The  secondaries  extend  to  the 
columella;  the  tertiaries  fuse  against  the  sec- 
ondaries near  the  columella;  the  two  outside 
quaternaries  of  each  group  fuse  against  the  ter- 
tiaries nearer  the  center  than  the  two  iimer 
quaternaries;  and  the  two  outside  quinaries  of 
each  subgroup  formed  about  the  tertiaries  are 
fused  against  the  quaternaries  nearer  the  center 
than  the  two  inner  ones.  The  primary  septa 
are  slightly  more  prominent  than  the  second- 
aries, their  inner  edges  descending  steeply  to 
the  top  of  the  columella;  the  members  of  each 
of  the  succeeding  cycles  appear  to  be  slightly 
lower  than  those  of  the  preceding  ones.  Mar- 
gins of  the  septa  finely  denticulate,  the  beads 
numbering  12  to  1  millimeter.  Sides  of  septa 
not  uncovered. 

Columella  elliptical,  the  length  of  the  cross 
section  at  the  top  being  about  one-fifth  the 
diameter  and  the  width  about  one-tenth  the 
diameter.  The  columella  is  spongy  and  trabec- 
ular, certain  of  the  trabeculse  terminating 
above  in  more  or  less  scattered,  irregularly  dis- 
tributed papillae. 

This  species  is  most  nearly  related  to  M. 
hUgardi  and  M.  marylandica,  from  which  it 
may  be  distinguished  by  its  coarser  and  more 
roughly  denticulated  base  and  by  the  greater 
average  length  of  the  cost»  of  the  last  cycle. 

Type, — Collection  of  United  States  National 
Museum,  catalogue  No.  32006. 

Occurrence. — ^Probably  Navarro  formation 
{Exogyra  costcUa  zone),  well  of  Hoard  Oil  &  Gas 
Co.,  7  miles  east  of  Mineola,  Wood  County, 
Tex.;  collected  at  a  depth  of  3,146  to  3,160 feet 
(9369). 

Micrabacia  misstssippieiisis  Stephenson,  n.  sp. 

Plate  XXIII,  figures  9-11. 

This  species  is  based  on  one  specimen  from 
the  Ripley  formation  of  Mississippi.  Coral- 
lum  low,  subdiscoidal,  with  flat  base,  moder- 
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ately  steep,  slightly  convex  sides,  and  axial 
depression  about  0.75  millimeter  deep.  Di- 
mensions: Diameter,  6  millimeters;  height,  2 
millimeters. 

Under  side  of  wall  (base)  ornamented  with 
sharply  defiined,  moderately  thick,  flattisb, 
coarsely  but  rather  faintly  nodular  costao 
which  alternate  with  the  septa;  they  start 
with  six  at  the  center  and  by  successive  bi- 
furcations reach  96  on  the  periphery.  Each 
of  the  original  six  costs  is  the  center  of  a 
group.  The  original  (first  cycle)  of  the  group 
divides  near  the  center  into  two  (second  cycle), 
and  these  divide  to  form  four  (third  cycle)  at 
less  than  0.5  millimeter  from  the  center;  of 
the  four  costae  the  two  outside  ones  divide 
about  1  millimeter  and  the  two  inside  ones 
about  ^1.5  millimeters  from  the  center,  form- 
ing eight  (fourth  cycle) ;  of  the  eight  costsB  the 
two  outside  ones  divide  about  1.75  millimeters, 
the  two  middle  ones  about  2.25  millimeters, 
and  the  other  four  about  2.5  millimeters  from 
the  center,  forming  16  (fifth  cycle).  The  dis- 
tances of  the  bifurcations  of  each  cycle  from 
the  center  are  thus  rather  markedly  irregular. 
The  cost®  of  the  last  cycle  are  thinner  than 
those  of  the  lower  cycles,  their  ends  are 
prowlike,  and  they  project  slightly  beyond 
the  septa.  The  narrow  intercostal  loculi  are 
crossed  by  concentrically  arranged  synap- 
ticulse  numbering  12  or  13  in  the  loculi  extend- 
ing to  the  center;  the  sjmapticulsB  are  separ- 
ated by  radially  elongated  perforations. 

The  septa  are  thin  and  are  arranged  in  six 
groups  with  six  primaries  and  four  complete 
higher  cycles,  making  a  total  of  96  on  the 
periphery.  Each  group  occupies  one  of  the 
interspaces  between  two  of  the  primaries. 
The  secondaries  extend  to  the  columella;  the 
tertiaries  are  fused  to  the  secondaries  near  the 
columella;  the  two  outside  quaternaries  of 
each  group  are  fused  to  the  tertiaries  nearer  the 
center  than  the  two  inner  ones;  in  each  of  the 
subgroups  formed  about  the  tertiaries  the  two 
outer  quinaries  are  fused  against  the  quater- 
naries nearer  the  center  than  the  two  inner 
ones.  The  primary  septa  are  slightly  higher 
than  the  members  of  the  higher  cycles,  and 
those  of  each  of  the  succeeding  cycles  are 
slightly  lower  than  those  of  the  preceding 
cycles.  The  margins  of  the  septa  are  set  with 
beadlike  denticulations,  the  number  being 
about  11  or  12  to  1  millimeter.     The  inner 
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edges  of  the  primaries  where  they  descend  to 
the  top  of  the  columella  are  set  with  a  double 
row  of  denticulations.  The  sides  of  the  septa 
are  not  well  exposed  except  in  one  small  area 
near  the  top,  on  which  are  rows  of  prominent 
tubercles  radiating  fanlike  from  within. 

Columella  elliptical  in  cross  section,  spongy, 
trabecular,  some  of  the  trabeculs  terminat- 
ing in  more  or  less  scattered,  irregularly  dis- 
tributed nodular  processes.  Length  of  cross 
section  about  one-^ixth  the  diameter;  width 
about  one-tenth  the  diameter. 

The  other  American  species  of  Micrabacia 
differ  from  this  species  in  the  following  charac- 
ters: In  M.  cribraria  the  irregular  calcification 
has  obscured  all  but  the  last  cycle  of  basal 
costs;  the  corallum  of  if.  hUgardi  is  higher,  the 
sides  are  steeper,  and  the  costse  of  the  last 
cycle  are  shorter;  in  M,  marylandica  the  bifur- 
cations of  the  separate  cycles  of  costaB  are  at 
more  regular  distances  from  the  center,  and 
the  average  length  of  the  cost®  of  the  last 
cycle  is  less;  in  M.  americana  Meek  and 
Hayden  and  M.  rotatUis  the  cost»  are  thinner 
and  sharper,  and  the  costse  of  the  last  cycle  are 
markedly  longer.  The  septal  denticulations  of 
M.  coTOwaUi  (Goldfuss)  of  the  European  Cre- 
taceous are  coarser  than  in  any  of  the  Ameri- 
can species. 

Type. — Collection  of  United  States  National 
Museum,  catalogue  No.  32008. 

Occurrence. — Ripley  formation  {Exogyra  cos- 
iota  zone),  Lee's  old  mill  site,  2  miles  northeast 
of  Keownville,  Union  County,  Miss.  (6873). 

Micrabacia  coronnla  (GoldAm). 

Plate  XXIII,  figui«fl  1-5. 

1826.  Fungia  eoronula.    Goldfim,  Petxefacta  Germaniie, 

vol.  1,  p.  50,  pi.  14,  ^g.  10. 
1840.  Fungia  coronula.    F.  A.  Roemer,  Die  Venteijieruii- 

gen  dee  norddeutschen  Kreidegebiiges,  p.  25. 

1849.  Micrabacia  coronula.     Milne-Edwards  and  Haime, 

Compt.  Rend.,  vol.  29,  p.  71. 

1850.  Micrabacia  coronula,    Milne-Edwards  and  Haime,  A 

monograph  of  the  British  fossil  corals,  p.  60,  pi. 

10,  figs.  4, 4»-c  (with  a  synonymy),  Paleontographi- 

cal  Society. 
1860.  Micrabacia  coronula,   Milne-Edwards,  Histoire  natu- 

relle  des  coralliaires,  vol.  2,  p.  29  (with  synony- 
my). 
1862.  Fungia  coroniUa,    Goldfuss,  Petrefacta  Germam«, 

2d  ed.,  vol.  1,  p.  47,  pi.  14,  fig.  10. 
1884.  Micrabacia.    Dimcan,  Linnean  Soc.  London  Jour., 

Zoology,  vol.  18,  p.  143. 
1905.  Micrabacia.    Vaughan,  U.  S.  Nat.  Mus.  Proc.,  vol. 

28,  p.  387  (Duncan's  description  quoted). 


An  account  and  illustrations  of  Micrdbacia 
coronula  (Goldfuss)  are  included  for  purposes 
of  reference  and  comparison.  The  descrip- 
tion of  Milne-Edwards  and  Haime  is  quoted  in 
full  below: 

Corallum  simple,  lenticular,  short;  its  under  surface 
horizontal  or  slightly  concave;  its  upper  surface  somewhat 
convex.  Mural  disk  completely  naked  and  regularly 
perforated  by  small  intercostal  pores.  Coste  closely  set, 
almost  straight,  equally  narrow,  not  prominent,  and  but 
slightly  echinulated;  only  12  of  them  arise  in  the  center 
of  the  disk,  but  these  soon  bifurcate,  and  the  24  coete  so 
formed  soon  divide  again;  at  about  half  the  distance  from 
the  center  to  the  circumference  of  the  disk  each  costa 
bifurcates  once  more,  and  the  two  terminal  costs  so 
formed  are  grouped  two  by  two  toward  the  periphery  of 
the  disk.  The  granulations  which  form  all  these  costie  are 
not  very  distinct  and  are  arranged  in  single  lines.  Calic- 
ukr  fosBula  small  and  not  very  deep,  but  well  marked  and 
rather  elongated  laterally.  Goliunella  very  small,  oblong, 
and  subpapillose.  Septa  forming  five  complete  cycla, 
and  corresponding  to  the  intercostal  spaces;  those  of  the 
last  cyclum  quite  rudimentary;  the  others  tall,  thin, 
straight,  and  united  by  subspiniform  trabiculie.  Those 
of  the  first  cyclum  larger  than  the  others  and  augmenting 
slightly  in  thickness  toward  the  middle;  the  secondary 
ones  almost  as  large;  all  delicately  denticulated  along  their 
upper  edge,  and  much  thinner  toward  their  outer  and 
inferior  angle  than  in  any  other  part.  Diameter,  three  or 
sometimes  four  lines;  height,  one  line  and  a  half. 

The  above-described  fossils  were  found  in  the  Green« 
sand  at  Warminster,  in  Wiltshire,  and  according  to  Wil- 
liam Smith,  who  was  the  first  author  that  mentions  this 
fossil,  are  also  met  with  at  Chute  Farm  and  Puddle  Hill, 
near  Dunstable. 

By  an  attentive  comparison  with  the  specimens  de- 
cribed  by  Goldfuss  and  belonging  to  the  PoppelsdorfE 
Museum  at  Bonn,  we  have  ascertained  the  specific  iden- 
tity of  this  British  coral  with  the  Fungia  coronula  found  in 
the  chalk  of  Essen.  Specimens  exist  in  Mr.  Bowerbank's 
cabinet  and  in  the  collections  belonging  to  the  Greological 
Society,  the  Museum  of  Paris,  the  Museum  of  Bonn,  and 
M.  Defrance  at  Sceaux,  who  has  designated  it  by  the  un« 
published  name  of  Fungia  dubia. 

Duncan's  description  of  the  genus,  which 
amounts  to  a  nearly  complete  description  of 
the  species,  is  quoted  on  page  116.  To  these 
descriptions  I  may  add  that,  as  in  the  Ameri- 
can species,  the  septa  probably  start  with  six 
instead  of  12,  and  by  successive  intercalations 
in  four  additional  complete  cycles  increase  to 
96  in  the  adult.  Likewise  the  basal  costn 
start  with  six  and  by  successive  bifurcations  in 
five  complete  cycles  reach  96  on  the  periphery. 

Compared  with  the  American  forms  the  den- 
ticulations on  the  edges  of  the  septa  are  some- 
what coarser  (seven  to  1  millimeter),  the  axial 
depression  is  shallower,  the  adults  attain  a 
larger  size,  and,  though  somewhat  variable  in 
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fonn,  the  profile  is  in  general  more  nearly  verti- 
cal on  the  sides. 

The  specimens  in  the  two  lots  indicated  be- 
low, which  are  supposed  to  be  typical  of  Jf . 
ccTcnvla  (Goldfuss),  are  in  very  different  states 
of  preservation;  those  from  the  British  Mu- 
semn  are  filled  with  matrix;  those  from  Hol- 
land are  free  from  matrix,  but  the  costsB  are 
missing  and  the  mai^gins  of  the  septa  are  im- 
perfect, so  that  they  are  scarcely  specifically 
identifiable  with  the  other  material. 

Distribution, — ^According  to  Goldfuss  the 
species  occurs  in  the  "Mergelgrand''  at  Essen, 
Prussia,  and  Milne-Edwards  and  Haime  state 
that  in  England  it  occurs  in  the  [upper]  Green- 
sand  (Albian).  (See  quotation,  p.  124.)  Mibie- 
Edwards  gives  the  occurrence  and  distribution 
as  "Group  de  la  craie  tuffeau:  Le  Maus,  Essen, 
Warminster."  Specimens  in  the  collection  of 
the  United  States  National  Museum  are 
labeled  as  follows: 

U.  S.  N.  M.  Cat.  No.  165214.  Folx-lee-Cavefl,  Holland, 
GretaceouB,  Group  de  la  craie  tuffeaa. 

U.  8.  N.  M.  Cat.  No.  156436.  Obtained  from  the  British 
Miueum  (no  locality  given). 

Three  specimens  from  the  first  locality, 
figured  on  Plate  XXIII,  figures  3,  4,  and  5,  are 
renumbered  catalogue  Noe.  32002  and  32003; 
two  specimens  from  the  second  lot,  figured  on 
Plate  XXIII,  figures  1  and  2,  are  renumbered 
catalogue  Nos.  32004  and  32005. 

UNIDENTIFIED  SPECIMENS  OF  MICRABACIA. 

Specimens  of  Micrabacia  too  poorly  pre- 
served for  satisfactory  specific  identification 
have  been  found  in  the  western  interior  at  the 
following  localities:  Pierre  shale  (upper  part), 
5   miles   southwest   of   Marmarth.    N.    Dak. 


(7971),  and  about  3  miles  southeast  of  Moor- 
croft,  Wyo.,  approximately  75  feet  below  the 
Fox  Hills  sandstone  (6520);  Montana  group 
(upper  part).  Old  Cooper  Creek  Crossing,  Lara- 
mie Plains,  Wyo.  (U.  S.  N.  M.  catalogue  No. 
28528);  Montana  group  (upper  part),  Ben 
Gaugh's  ranch,  Cooper  Creek,  20  miles  north- 
west of  Laramie,  Wyo.  (3479). 

Specimens  of  Micrabacia  referred  by  Weller' 
to  M,  americana  Meek  and  Hayden  have  been 
found  in  New  Jersey  at  the  following  locaUties: 

MerchantviUe  clay,  near  Matawan;  Wood- 
bury clay,  Lorillard,  near  Matawan  and  near 
Haddonfield;  Wenonah  sand,  near  Crawfords 
Comer. 

Through  the  courtesy  of  Dr.  H.  B.  EfUnmel 
I  have  examined  Weller's  figured  specimens 
from  the  Woodbury  clay  near  Lorillard,  and 
the  lots  from  the  Woodbury  clay  and  from  the 
MerchantviUe  clay  near  Matawan,  all  of  which 
appear  to  be  too  poorly  preserved  for  satisfac- 
tory specific  identification.  Squeezes  made 
from  prints  of  the  bases  of  the  specimens  from 
Lorillard  suggest  the  type  of  sculpture  exhib- 
ited by  Jf .  cribraria  rather  than  that  of  M. 
afnericctfui. 

Dr.  Weller  states,  in  a  letter  recently  re- 
ceived, that  the  material  from  Haddonfield 
examined  by  him  was  in  the  collection  of  the 
Academy  of  Natural  Sciences  of  Philadelphia. 
Dr.  H.  A.  Pilsbry,  in  response  to  a  letter  of  in- 
quiry, states  that  he  can  not  find  these  speci- 
mens in  the  collection,  and  apparently  they 
have  been  lost,  a  most  imfortunate  circimi- 
stance,  because,  according  to  Dr.  Weller,  they 
were  preserved  intact,  and  not  in  the  form  of 
molds,  as  were  the  other  New  Jersey  specimens. 

1  Weller,  Stuart,  Cretaoeoiu  paleontology  of  New  Jersey:  New  Jtnty 
Oeol.  Survey,  Taleontology,  vol.  4,  p.  271,  pi.  5,  figs.  14-17, 1907. 
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Hknbula  cribnrla  Stepbeoaon,  n.  s^  (p.  117). 

PiQURB  I.  CalicuUr  view  of  the  type,  X  4,  from  the  Snow  Bill  marl  member  of  the  BUck  Creek  formation  (upper 
part  of  Exogyra  ponderota  zoDe),  Whiteley  Creek  Landing.  Neuse  River,  N.  C.  (U.  8.  G.  S.  collection 
S364:  U.  S.  N.  M.  catalogue  No.  31996. )    The  periphery  and  margins  of  all  the  septa  are  imperfect. 

2,  Side  view  of  the  type,  X  S;  the  upper  portions  of  the  septal  edges  are  imperfect. 

8.  Baaal  view  of  the  type,  X  S;  theetidHof  the  roxla;  and  portions  of  the  mirface  are  imperfect. 

KUerabada  amerieana  Meek  and  Harden  (p.  118). 

PiOtntE  4.  Basal  view  of  a  specimen,  X  S,  from  "Montana,"  probably  from  the  upper  part  of  the  Montana  group,  and 
perhaps  from  a  locality  20  milee  southwest  of  Hingueville.  (Homer  6quyer  collection,  U.  8.  N.  M.  caia 
logue  No.  21896,) 
5.  Viewof  a  broken  specimen  in  the  same  collection,  partly  restored  by  retouching,  showing  the  profile  through 
the  center  and  faint  indicationa  of  the  characters  on  the  sides  of  the  septa.  (U.  8.  N.  U.  catfth^e  No. 
21896.) 

Mkrabada  amwicaaa  var.  nmlUciMtata  Stepbenwin,  n.  var.  (p.  118). 

FiauRB  6.  Baaal  view  of  the  type,  X  8.  from  ''Montana."  probably  from  (he  upper  part  of  the  Montana  group,  and 
perhaps  from  a  locality  20  milee  southwest  of  Uingusville.    (Homer  Squyer  collection,  U.  S.  N.  M.  cat^ 

logue  No.  31997.) 
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PLATE  XXI. 

Mierabada  rotatilis  Stephenson  (p.  119). 

FiouRB  1.  Calicular  view  of  the  type.  X  4,  from  the  Monmouth  formation  {Exogyra  costata  zone),  bed  of  a  small  branch 
about  seven-eighths  of  a  mile  southwest  of  Brightseat,  and  three-eighths  of  a  mile  south  of  the  Sheriff  road, 
Prince  Georges  County,  Md.  (Collection  of  the  Maryland  Geological  Survey,  on  deposit  in  the  United 
States  National  Museum.)  The  septal  edges  are  imperfect  and  the  interseptal  loculi  are  filled  with 
matrix. 

2.  Side  view  of  the  type,  X  8;  the  interseptal  loculi  are  filled  with  matrix  and  the  upper  part  of  the  corallum 

is  imperfect. 

3.  Vertical  internal  cross  section  of  the  type,  X  B;  broken  through  the  center,  showing  the  sides  of  septa,  the 

spongy  columella,  and  the  intercostal  perforations  of  the  base. 

4.  Basal  view  of  the  type,  X  8,  showing  the  character  and  grouping  of  the  cost®. 

Micrabacia  rotatilis  var.  georglana  Stephenson,  n.  var.  (p.  120). 

Figure  5.  Calicular  view  of  the  type,  X  4,  from  the  upper  part  of  the  Ripley  formation  {Exogyra  cottata  zone),  Mercers 
Mill  Creek  near  Geoigetown,  Ga.  (U.  S.  G.  S.  collection  5417;  U.  S.  N.  M.  catalogue  No.  31998.)  The 
upper  edges  of  the  septa  are  imperfect. 

6.  Side  view  of  the  type,  X  8;  the  interseptal  loculi  are  filled  with  matrix,  and  the  upper  part  of  the  corallum 

is  imperfect. 

7.  Basal  view  of  the  type,  X  8,  showing  the  character  and  grouping  of  the  septa. 

8.  Vertical  internal  cross  section  of  a  fragmentary  specimen  from  the  type  locality  (U.  S.  G.  S.  collection  5417; 

U.  S.  N.  M  catalogue  No.  31999),  showing  the  side  of  a  septum  and  the  intercostal  perforations  of  the  base. 
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PLATE  XXn. 

Miermbidm  hngard]  StephenMU,  n.  ap.  (p.  120). 

noVKX  1.  Caliculw  view,  X  4,  of  a  apecuDen  from  the  upper  part  of  the  Ripley  tormatJOD  [Exogyra  eotlala  zone), 
UerceiB  Hill  Creek  ueu  Geoigetown,  Quitm&o  County,  Ga.  (U.  S.  G.  S.  collection  6417;  U.  8.  N.  M. 
catalogue  No.  33000.)    The  upper  edgee  oE  the  septa  »re  imperfect. 

2.  Side  view  of  the  eame  apecimen,  X  8,  Bhowiog  the  septal  margiDe  and  the  prowlike  ends  of  the  coetR. 

3.  BaaKl  vtev  of  the  same  specimen,  sbowtDg  the  charact«r  and  grouping  of  the  costie. 

4.  Calicular  view  of  the  type,  X  4,  from  the  Ripley  ionaatiaa  {Exogyra  cotlaUt  zone),  Lee'a  old  mill  siie,  2 

miles  northeast  of  Keownville,  Union  County,  Hiaa.    (tT.  S.  G.  S.  collection  6873;  U.  S.  N.  M.  ratalogue 
No.  32001.)    The-edges  of  the  septa  are  imperfect  and  the  inteneptal  loculi  are  filled  with  matrix. 

5.  Side  view  of  the  type,  X  6,  showing  the  septal  edges  and  the  prowlike  ends  of  the  costs. 
S.  Baaal  view  of  tlie  type,  X  S,  showing  the  character  and  grouping  of  the  coelK. 

Hicrabada  marrlaiidlca  Stephenson  (p.  121). 

FWUBB  7.  Calicular  view  of  a  specimen,  X  4,  trgm  the  Monmouth  formatioD  {Exogyra  eotlala  Eone),  bed  of  a  email 
branch  about  seven-eighths  of  a  mile  southwest  of  BrighUeat,  and  three-eighlha  of  a  mile  south  of  the 
SheciH  road,  Prince  Georges  County,  Md.  (Collectioo  of  the  Maryland  Geological  Survey,  on  deposit  in 
the  United  Statee  National  Museum.)  The  edges  of  the  sepia  are  imperfect  and  the  intetseptal  loruli 
are  filled  with  matrix. 

8.  Side  of  the  same  specimen,  X  S,  ahowiog  the  septal  edges  and  the  prowlike  enda  of  the  coetie. 

9.  Vertical  cron  section  of  a  specimen,  X  S,  in  the  same  collectum,  ehowing  the  eidee  of  the  septa,  the  spongy 

columella,  and  the  intercoetal  pCTfor»tione  of  the  base. 
10.  Basal  view  of  the  type,  X  8,  in  Uie  same  collection,  showing  the  cbaracler  and  grouping  of  the  coebe. 
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PLATE  XXIII. 

Micrabacia  coronula  (Goldfuss)  (p.  124). 

Figure  1.  Side  view  of  a  specimen,  X  4,  from  the  British  Museum,  locality  not  stated  on  the  label.    The  septal  edges 
are  imperfect  and  the  interseptal  loculi  are  filled  with  matrix.    (U.  S.  N.  M.  catalogue  No.  32004.) 
2.  Basal  view  of  a  specimen,  X  4,  from  the  same  locality.    (U.  S.  N.  M.  catalogue  No.  32005).    The  coetse  are 
very  much  worn  and  imperfect. 
3, 4.  CaLicular  view  and  basal  view,  X  4,  of  a  specimen  from  the  *^  Cretaceous,  Group  de  la  crale  tuffeau,  Folx- 
les-Caves,  Holland."    (U.  S.  N.  M.  catalogue  No.  32002.)    The  edges  of  the  septa  are  imperfect,  and 
the  costse  are  gone  from  the  base,  leaving  only  the  lower  edges  of  die  septa  showing. 
5.  Side  view  of  a  specimen,  X  4,  from  the  same  locality.    (U.  S.  N.  M.  catalogue  No.  32003.)    The  ends  of 
the  coetse  are  nusalng. 

Micrabada  mineolensis  Stephenson,  n.  sp.  (p.  122). 

Figure  6.  Basal  view  of  the  type,  X  8,  from  the  Navano  formation  (?),  well  of  Hoard  Oil  &  Gas  Co.,  7  miles  east 
of  Mineola,  Wood  County,  Tex.,  collected  at  a  depth  of  3,146-3,160  feet.  (U.  S.  G.  S.  collection  9369; 
U.  S.  N.  M.  catalogue  No.  32006.)    Shows  the  character  and  grouping  of  the  costse. 

7.  Calicular  view  of  a  crushed  specimen,  X  4,  in  the  same  collection.    (U.  S.  N.  M.  catalogue  No.  32007.) 

8.  Side  view  of  the  specimen  illustrated  in  figure  7;  shows  the  septal  edges  and  the  prowlike  ends  of  the  basal 

costse. 

Micrabacia  missiflsippiensis  Stephenson,  n.  sp.  (p.  123). 

Figure  9.  Calicular  view  of  the  type,  X  4,  from  the  Ripley  formation  {Exog\fra  eostata  zone),  Lee's  old  mill  site,  2 
miles  northeast  of  Eeownville,  Union  County,  Miss.  (U.  S.  G.  S.  collection  6873;  U.  S.  N.  M.  catalogue 
No.  32008.)    The  upper  edges  of  the  septa  are  Imperfect. 

10.  Side  view  of  the  type,  X  8,  showing  the  septal  edges  and  the  prowlike  ends  of  the  coetse. 

11.  Basal  view  of  the  type,  X  8,  showing  the  character  and  grouping  of  the  costae. 
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SOME  PALEOZOIC  SECTIONS  IN  ARIZONA  AND  THEIR  CORRELATION, 


By  Fbedebick  Leslie  Ransome. 


PURPOSE  AND  SCOPE  OF  PAPER. 

During  the  last  16  years  detailed  geologic 
work  has  been  done  in  a  number  of  mining  dis- 
tricts in  Arizona,  several  reconnaissance  reports 
have  added  to  our  knowledge  of  the  geology  of 
the  State,  and  sections  of  Paleozoic  and  older 
rocks  in  the  Grand  Canyon  and  at  Globe,  Ray, 
Clifton,  Tombstone,  and  Bisbee  have  been 
carefully  studied;  but  hitherto  the  investiga^ 
tions  in  most  of  these  fields  have  been  uncon- 
nected by  reconnaissance  examinations  of 
intervening  areas.  Realization  of  this  lack  of 
correlation  led,  in  1912,  to  a  preliminary 
reconnaissance  of  the  country  extending  north- 
westward from  Globe  to  Jerome,  in  the  hope 
that  light  might  thereby  be  thrown  on  the 
nature  of  the  changes  that  connect  the  well- 
known  stratigraphic  section  of  the  Grand  Can- 
yon with  the  very  different  succession  of  beds 
at  Globe.  A  visit  to  the  Santa  Catalina  Range, 
northeast  of  Tucson,  in  company  with  Prof. 
C.  F.  Tolman,  jr.,  who  b  preparing  the  Tucson 
folio  for  the  United  States  Geological  Survey, 
afforded  an  opportunity  of  partly  closing  the 
gap  of  terra  incognita  between  Ray  and  Tomb- 
stone. Detailed  work  on  the  Ray  quadrangle, 
the  full  results  of  which  are  not  yet  published, 
has  supplied  the  materials  for  a  much  more 
accurate  description  of  the  geologic  column  in 
central  Arizona  than  was  heretofore  possible, 
and  similar  work  in  the  Tombstone  district 
has  extended  the  Bisbee  section  northward. 
Finally,  some  additional  reconnaissance  has 
been  made  of  the  Mazatzal  Range  and  the 
Sierra  Ancha. 

The  present  paper  includes  (1)  a  brief  intro- 
ductory outline  of  the  broad  topographic  fea- 
tures of  the  State,  (2)  a  description  of  the  full 
and  very  satisfactorily  exposed  geologic  sec- 
tion of  the  Ray-Globe  region,  with  less  detailed 
accoimts,  in  part  abstracted  from  the  literature. 


of  other  stratigraphic  sections  to  the  southeast 
and  northwest,  and  (3)  a  discussion  of  the  corre- 
lation of  these  sections  from  the  Grand  Canyon, 
in  the  northwestern  part  of  the  State,  to  Bisbee, 
near  the  Mexican  border. 

The  positions  of  the  sections  discussed  may 
be  seen  by  reference  to  the  outline  map  (PI. 
XXIV)  and  to  the  diagram  accompanying  the 
correlation  chart  (PI.  XXV,  p.  136). 

TOPOGRAPHIC  PROVINCES  OF  ARIZONA. 

The  State  of  Arizona  may  conveniently  be 
divided  into  three  topographic  regions — the 
plateau  region,  the  mountain  region,  and  the 
desert  or  bolson  region.  The  plateau  region, 
which  has  an  area  of  about  45,000  square 
miles,  occupies  the  northeastern  part  of  the 
State  and  drains  generally  northward  through 
the  Little  Colorado  and  smaller  streams  into 
the  Grand  Canyon.  The  general  altitude  of 
this  region,  which  is  a  portion  of  the  great 
Colorado  Plateau,  ranges  from  7,000  to  over 
8,500  feet.     As  Dutton  graphically  describes  it, 

Its  strata  are  very  nearly  horizontal,  and  with  the  excep- 
tion of  Cataract  Canyon  and  some  of  its  tributaries  it  is 
not  deeply  scored.  Low  mesas,  gently  rolling  and  usually 
clad  with  an  ample  growth  of  pine,  pifion,  and  cedar; 
broad  and  shaUow  valleys,  yellow  with  sand  or  gray  with 
sage,  repeat  themselves  over  the  entire  area. 

Here  and  there  the  Kaibab  (Pennsylvanian) 
limestone,  the  prevalent  surface  rock,  is  covered 
by  flows  of  basalt  or  bears  erosion  remnants  of 
younger  strata,  and  above  it,  north  of  Flagstaff, 
rise  the  lofty  extinct  volcanoes  of  the  San  Fran- 
cisco Mountains. 

The  southwestern  limit  of  the  plateau  trav- 
erses the  State  in  a  general  southeasterly  direc- 
tion from  the  Grand  Wash  Cliffs,  near  the 
eastern  border  of  Nevada,  to  the  New  Mexico 
line,  a  few  miles  northeast  of  Clifton.^    This 

I  Dutton,  C.  E.,  Tertiary  history  of  the  Grand  Canyon  district:  U.  8. 
Qeol.  Survey  Mon.  2,  p.  14, 18.%2. 
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boundary  along  much  of  its  course  is  a  single 
bold  cliff  2,000  feet  or  more  in  height,  but  else- 
where it  is  less  definite  or  simple,  owing  to  a 
distribution  of  the  total  difference  in  relief 
among  a  series  of  great  topographic  steps  or  to 
local  accumulations  of  volcanic  rocks,  espe- 
cially basalt.  In  general  the  outer  or  lower 
line  of  cliffs  separates  nearly  horizontal  and 
undisturbed  strata  on  the  northeast  from 
faulted  and  tilted  beds  on  the  southwest,  and 
locally,  as  along  the  Grand  Wash  Cliffs,  this 
line  is  itself  a  fault  scarp,  more  or  less  modified 
by  erosion. 

The  Grand  Wash  Cliffs  rise  precipitously 
3,000  feet  or  more  above  the  plains  to  the  west. 
According  to  Lee,*  pre-Cambrian  granite  is  ex- 
posed at  their  base  and  the  Redwall  limestone 
forms  their  crest  and  the  floor  of  the  adjacent 
plateau.  About  45  miles  east  of  the  Musio 
Mountains  a  second  gigantic  step,  that  of  the 
Aubrey  Cliffs,  north  ol  Seligman,'  carries  the 
geologic  section  nearly  to  the  top  of  the  Kaibab 
(Pennsylvanian)  limestone,  which  forms  the 
surface  of  the  Coconino  Plateau,  south  of  the 
Grand  Canyon.  South  of  the  Music  Moun- 
tains there  is  another  ample  terrace  in  the 
ascent  from  the  valleys  of  the  mountain  region 
to  the  Colorado  Plateau — that  of  the  Truxton 
Plateau.  This  bench,  which  lies  between  the 
Cottonwood  and  Aquarius  cliffs  to  the  west 
and  the  Yampai  Cliffs  and  Juniper  Mountains 
to  the  northeast,  is  described  by  Lee*  as  a 
granitic  peneplain  partly  covered  with  volcanic 
rocks. 

South  of  Ash  Fork  the  continuity  of  the 
plateau  escarpment  is  interrupted  by  flows  of 
basalt  that  poured  down  from  the  plateau  to 
the  valley  of  the  Verde,  forming  a  slope  that 
has  been  utilized  by  the  Santa  Fe,  Prescott  & 
Phoenix  Railway  between  Ash  Fork  and 
Jerome  Junction.  East  of  this  railway  and 
north  of  Jerome  the  edge  of  the  plateau  is  in 
general  a  scarp  (part  of  the  Aubrey  Cliff  of 
Gilbert  *)  over  2,000  feet  in  total  height,  with 
deep  reentrants  and  bold  pinnacled  promon- 
tories. East  of  Camp  Verde  a  thick  series  of 
basaltic  flows  with  associated  tuffs  has  cov- 


1  Lee,  W.  T.,  Geologic  reooxmaJssaiice  of  a  part  of  western  Arizona: 
U.  9.  Geol.  Survey  BuU.  362,  p.  19,  pi.  1, 1908. 

*  See  Darton,  N.  H.,  A  reconnaissance  of  parts  of  northwestern  New 
Mexico  and  northern  Arizona:  U.  S.  Oeol.  Survey  Bull.  435,  p.  8,  pi.  1, 
1910. 

»  Op.  clt.,  p.  21. 

«  U.  S.  Oeol.  Surveys  W.  100th  Mer.  Rept,  vol.  3,  p.  49, 1871. 


ered  the  edges  of  the  nearly  horizontal  sedi- 
mentary rocks;  but  these  beds  appear  again 
at  the  head  of  Fossil  Creek  and  continue  east- 
ward past  Payson  in  the  great  southward- 
facing  cliff  that  marks  the  descent  of  about 
2,000  feet  irom  the  MogoUon  Mesa  to  the 
Tonto  Basin.  From  Fort  Apache  eastward  to 
the  New  Mexico  line  the  plateau  boujidary 
becomes  less  distinct.  Erosion  has  partly  de- 
stroyed its  continuity,  and  vast  accumulations 
of  volcanic  rock  have  obscured  the  original 
plateau  surface. 

The  second  topographic  division,  the  moun- 
tain region,  which  adjoins  the  plateau  region 
on  the  southwest,  is  essentially  a  broad  zone 
of  short  nearly  parallel  ranges,  among  which  are 
the  Dragoon,  Chiricahua,  Whetstone,  Pinaleno, 
Galiuro,  Santa  Catalina,  Pinal,  Superstition, 
Ancha,  and  Mazatzal,  extending  diagonally 
across  the  State  from  the  southeast  comer  to 
Colorado  River.  The  width  of  this  zone  may 
be  taken  as  from  70  to  150  miles,  but  its  south- 
west boimdary  is  not  susceptible  of  precise  de- 
marcation. Few  of  the  individual  ranges  ex- 
ceed 50  miles  in  length  or  8,000  feet  in  altitude. 
Their  general  trend  is  almost  northwest,  but 
near  the  Mexican  border  it  becomes  more  nearly 
north,  and  the  moxmtain  zone  as  a  whole  coa- 
lesces with  a  belt  of  north  and  south  ranges  that 
extends  through  New  Mexico  and  borders  the 
plateau  region  on  the  east. 

Most  of  these  ranges  consist  mainly  of  quartz- 
ites  and  limestones  of  Paleozoic  or  earlier  age, 
resting  with  conspicuous  unconformity  upon 
granitic,  gneissic,  and  schistose  rocks.  All 
these  rocks  are  cut  by  later  intrusives,  espe- 
cially by  diabasic  and  monzonitic  rocks,  and 
are  partly  covered  by  flows  of  lava.  Struc- 
turally these  ranges  are  characterized  by  the 
dominant  part  played  by  faulting  as  compared 
with  folding.  The  great  copper  deposits  of 
Arizona,  so  far  as  they  are  known,  are  all,  ex- 
cept that  at  Ajo,  within  this  moimtainous 
zone. 

Adjoining  the  mountain  region  on  the  south- 
west is  the  third  topographic  division,  the  desert 
region,  which  also  cdhtains  numerous  short 
mountain  ranges  of  prevalent  northwesterly 
trend.  In  this  region,  however,  most  of  the 
ranges  are  separated  by  broad  desert  plains 
underlain  by  fluviatile  and  lacustrine  deposits 
of  late  geologic  age,  or  by  undulating  granitic 
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lowlands  partly  covered  with  gravels  and  flows 
of  lava.^  The  boundary  between  the  moun- 
tain and  desert  regions  is,  as  previously  stated, 
indefinite  but  may  provisionally  be  taken  as  a 
curved  line  extending  from  Nogales,  on  the 
Mexican  frontier,  past  Tucson  and  Phoenix  to 
Needles,  near  the  California  line.  The  main 
drainage  lines  of  both  regions  are  transverse  to 
the  trend  of  the  ranges,  the  run-off  finding  its 
way  through  Gila  and  Williams  rivers  into  the 
Colorado.  The  minor  streams,  many  of  them 
intermittent,  occupy  in  general  the  valleys  be- 
tween the  parallel  ranges. 

RAY-GLOB£  GKOLOGIC  SECTION. 
GENEBAL  TEATUBXS. 

The  Ray  and  Globe  quadrangles,  as  may  be 
seen  from  the  diagram  on  Plate  XXV,  are  in 
south-central  Arizona,  and  the  Ray  quadrangle 
lies  immediately  south  of  the  Globe  quadrangle. 
They  include  the  Pinal  Range  and  parts  of  the 
smaller  Mescal,  Dripping  Spring,  and  Tortilla 
ranges.  The  relative  positions  of  these  ranges 
are  shown  in  the  outline  map  of  Plate  XXIV. 
The  rocks  are  intricately  faulted,  the  fault 
pattern  being  on  an  extraordinarily  minute 
scale,  and  the  stratified  rocks  have  been  exten- 
sively invaded  by  diabase.  Nevertheless,  ex- 
cellent sections,  of  the  kind  illustrated  in  Plate 
XXIX  (p.  141),  may  be  studied  in  the  Mescal 
Range  and  in  many  of  the  larger  fault  blocks 
of  the  Dripping  Spring  Range.  The  total 
thickness  of  the  beds  below  the  base  of  the  Car- 
boniferous limestone  and  above  the  pre- 
Cambrian  crystaUine  rocks  is  about  1,600  feet. 
The  Carboniferous  limestone  is  at  least  1,000 
feet  thick  and  is  limited  above  by  a  Mesozoic 
erosion  surface.  No  evidence  of  angular  un- 
conformity has  been  detected  within  the  Paleo- 
zoic sedimentary  series  in  the  Ray  quadrangle, 
although  the  exposures  are  so  good  that  any 
appreciable  angular  discordance  could  scarcely 
escape  recognition. 

PINAL  SCHIST. 

The  Pinal  schist  and  intrusive  bathoUthic 
masses  of  granite  and  quartz-mica  diorite  are 
the  fundamental  rocks  of  the  Ray-Globe  region. 
The  name  Pinal  schist  was  first  apphed  in 
1903'  to  the  pre-Cambrian  schistose  terrane 

1  AntiseU^ThoiiiaB,  U.  S.  Paelfic  R.  R.  Expl.,  vol.  7,  pt.  2,  pp.  130-138, 
1867. 

s  RazLsome,  F.  L.,  Geology  and  ore  deposits  of  the  Globe  copper  dis- 
trict, Ariz.:  V.  S.  Geol.  Survey  Prof.  Paper  12,  p.  23, 1908. 


of  the  Globe  quadrangle,  the  geographic  term 
of  the  designation  being  derived  from  the  Pinal 
Mountains,  on  whose  slopes  the  schists  are 
extensively  exposed.  As  was  then  pointed 
out;  these  rocks  probably  correspond  to  what 
Blake  ^  20  years  earlier  had  called  the  "Ari- 
zonian  slates/'  but  as  the  geographic  term  of 
his  name  did  not  accord  with  the  principles  of 
nomenclature  followed  by  the  Geological  Sur- 
vey and  as  his  Uthologic  term  was  not  appro- 
priate for  crystalUne  schists,  that  designation 
could  not  well  be  retained.  Since  the  pubUca- 
tion  of  the  Globe  report  the  name  Pinal  schist 
has  been  applied  to  the  pre-Cambrian  crystal- 
Une schists  of  the  Clif  ton-Morenci  *  and  Bisbee  • 
districts.  This  formation  has  of  late  years  at- 
tained economic  importance  as  the  principal 
country  rock  of  the  disseminated  copper  de- 
posits at  Ray  and  Miami. 

Most  of  the  Pinal  schist  is  light  gray  to 
blue-gray  in  color  and  has  a  more  or  less  satiny 
luster  on  the  cleavage  surface.  In  texture  it 
ranges  from  cryptocrystalline  slaty  sericitic 
^chist  through  fine-granular  fissile  rocks  to  im- 
perfectly cleavable,  coarsely  crystalline  quartz- 
muscovite  schist  carrying  andalusite  or  siUi- 
manite.  The  coarsely  crystalline  varieties  oc- 
cur chiefly  in  the  vicinity  of  granitic  intrusive 
masses  and  grade  into  the  less  intensely  meta- 
morphosed varieties  that  make  up  the  bulk  of 
the  formation  and  are  characteristic  of  most 
of  the  exposures  in  the  Ray  quadrangle. 

In  the  vicinity  of  Ray  and  west  of  that  town 
a  considerable  part  of  the  schist  is  a  gray  fine- 
grained, moderately  fissile  rock  that  has  the 
unmistakable  aspect  of  a  squeezed  and  meta- 
morphosed sandstone.  Thin  sections  of  this 
variety,  seen  under  the  microscope,  show 
i-otund  but  irregular  grains  of  quartz  as  much 
as  5  miUimeters  in  diameter  in  a  groundmass 
consisting  chiefly  of  quartz  and  sericite.  The 
large  quartz  grains  show  the  effects  of  granula- 
tion with  more  or  less  recrystaUization  under 
pressure. 

Associated  with  those  schists  that  are  clearly 
of  sedimentary  origin  are  very  subordinate 
masses  of  greenstone  schist  and  other  varieties 
that  were  originally  igneous  material. 

1  Blake,  W.  P.,  Geology  of  the  Sliver  King  mine:  Eng.  and  MIzl  Jour., 
vol.  35,  pp.  23^-239,  1883. 

>  Lindgren,  Waldemar,  The  copper  deposits  of  the  Clifton-Moreiici 
district,  Ariz.:  U.  8.  Geol.  Survey  Prof.  Paper  43,  p.  56, 1905. 

s  Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quad- 
rangle, Ariz.:  U.  S.  Geol.  Survey  Prof.  Paper  21,  p.  24,  1904. 
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8CANLAN  CONOLOlffXBATS. 

At  the  base  of  the  sedimentary  column  at  Ray 
(see  Fl.  XXV)  is  the  Scanlan  conglomerate, 
first  described  in  the  Globe  report,  where  it 
was  said  to  be  from  1  to  6  feet  thick  and  com- 
posed of  imperfectly  roimded  pebbles  of  vein 
quartz  with  scattered  flakes  of  schist  held  in  a 
pink  arkosic  matrix.  The  Scanlan  conglom- 
erate is  locally  the  most  variable  of  all  the 
Paleozoic  formations,  both  in  constitution  and 
in  thickness.  It  was  evidently  formed,  with 
little  transportation,  from  the  materials  that 
the  waves  of  an  advancing  sea  f oimd  lying  on  a 
weU-wom  ancient  surface  of  low  rehef .  Areas 
of  schist  were  littered  with  fragments  of  white 
vein  quartz,  and  the  upper  parts  of  granitic 
masseswere  deeply  disintegrated.  Consequently 
the  basal  conglomerate  where  it  rests  on  the 
Pinal  schist  is  composed  chiefly  of  imperfectly 
roimded  pebbles  of  quartz  in  a  matrix  of  small 
particles  of  schist,  grains  of  quartz,  and  flakes 
of  mica;  where  it  rests  on  granite  or  quartz- 
mica  diorite  the  pebbles  are  also  mostly  quartz, 
but  the  matrix  is  arkosic  and  the  layers  of  pebbles 
may  be  associated  with  deposits  of  arkose  that 
in  many  places  merge  imperceptibly  with  the 
underlying  massive  rock  or  the  overlying  Pio- 
neer shale.  These  two  varieties  of  the  conglom- 
erate, however,  are  connected  by  transition 
f acies.  The  thickness  of  the  formation  varies 
widely  from  place  to  place. 

In  some  locaUties  the  base  of  the  Pioneer 
shale  may  be  marked  only  by  a  few  sparsely 
distributed  pebbles  or  the  Scanlan  conglomer- 
ate may  not  be  recognizable  at  all.  In  others 
the  conglomerate  attains  a  thickness  of  fully 
15  feet  and  carries  abimdant  well-roimded 
pebbles,  including  a  few  of  quartzite  derived 
from  some  ancient  formation  that  is  not  now 
exposed  in  this  region.  Above  this  well- 
defined  bed,  which  locally  resembles  the 
younger  Barnes  conglomerate,  and  under  the 
typical  Pioneer  shale  is  a  coarse  arkosic  sand- 
stone from  15  to  30  feet  thick.  Similar  arkosic 
material  accompanies  the  Scanlan  conglomer- 
ate in  other  localities  and  marks  a  change 
in  the  conditions  of  deposition  by  which  fine 
material  was  laid  down  instead  of  coarse. 
In  the  Barnes  Peak  section,  in  the  northwestern 
part  of  the  Globe  quadrangle,  the  lower  25  feet 
of  the  Pioneer  shale,  above  the  Scanlan  con- 
glomerate, is  sandy  and  arkosic. 


FIOmXB  SHAUS. 

In  the  Globe  report  the  name  Pioneer  shale 
was  given  to  a  series  of  shaly  beds  that  overUe 
the  Scanlan  conglomerate  and  underUe  the 
Barnes  conglomerate.  The  typical  section  is 
that  exposed  on  the  northeast  slope  of  Pioneer 
Mountain. 

In  most  places  the  Pioneer  formation  consists 
of  dark  reddish-brown,  more  or  less  arenaceous 
shales  composed  largely  of  fine  arkosic  detritus 
with  little  or  no  calcareous  material.  In  somt 
beds  fragments  of  pink  feldspar  are  easily 
recognizable  with  the  unaided  eye,  and  as  a 
rule  the  shales  toward  their  base  grade  into 
arkosic  grits.  These  arkosic  basal  beds  are 
well  developed  in  the  Apache  Mountains,  just 
northeast  of  the  Globe  quadrangle,  where  they 
attain  a  thickness  of  approximately  175  feet. 
Up  to  a  horizon  75  feet  above  the  granite  the 
individual  beds  are  thick,  but  above  that 
thinner  beds  appear  and  these  grade  upward 
into  the  shale.  Abundant  round  or  elliptical 
spots,  light  buff  or  greenish  in  color,  caused 
by  local  reduction  and  removal  of  the  fer- 
ruginous pigment,  are  highly  characteristic 
of  the  Pioneer  shale,  and  in  the  absence  of 
clear  structural  relations  serve  to  distinguish 
that  formation  from  certain  similar  beds  in  the 
stratigraphically  higher  Dripping  Spring  quartz- 
ite. Surfaces  of  fresh  fracture  generally  sparkle 
with  minute  flakes  of  white  mica. 

Although  the  Pioneer  shale  is  soft  in  com- 
parison with  the  conglomerates  and  quartzites 
and  weathers  into  smooth  slopes,  it  is  never- 
theless a  well-indurated,  firm,  and  in  places 
not  very  fissile  rock.  The  general  oolor  of  the 
formation  as  seen  on  the  hill  slopes  is  dark  red, 
maroon,  chocolate,  or  dull  purplish  gray. 

In  the  Globe  report  the  average  thickness  of 
the  Pioneer  shale  was  given  as  200  feet,  which 
is  about  the  thickness  at  Pioneer,  in  the  north- 
eastern part  of  the  Ray  quadrangle.  In  the 
ravine  west  of  Hackberry  Spring,  in  the  south- 
western part  of  the  Ray  quadrangle,  the  shale 
is  100  feet  thick.  The  average  thickness  for 
that  quadrangle  is  accordingly  estimated  at 
about  150  feet.  The  Pioneer  shale  so  far  as 
known  is  not  fossiliferous  and  presents  no 
eharacteristics  that  mark  it  indubitably  as 
marine  or  fluviatile  in  origin.  It  is  believed 
to  be  marine  and  to  have  been  deposited  in 
shallow  water.  No  mud  cracks  have  been 
observed  in  it. 
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BABNB8  COKOLOMEBATE. 

The  Barnes  conglomerate  lies  stratigraph- 
ically  above  the  Pioneer  shale  and  below  the 
Dripping  Spring  quartzite.  The  formation 
was  first  described  in  the  Globe  report  and  was 
named  from  Barnes  Peak,  in  the  northwestern 
part  of  the  Globe  quadrangle,  where  it  is  from 
10  to  15  feet  thick.  There  is  no  apparent  un- 
conformity either  above  or  below  the  conglom- 
erate, although  the  abrupt  change  from  a  fine 
shale  to  a  deposit  of  coarse  pebbles  is  indicative 
of  so  extensive  a  modification  of  the  conditions 
of  erosion  and  sedimentation  under  which  the 
shales  accumulated  as  would  seem  to  demand  a 
notable  imconformity  of  contemporaneous  ori- 
gin somewhere  within  the  region  of  deposition. 

In  its  typical  development,  as  near  Pioneer 
Mountain  or  on  Silver  Creek,  in  the  Ray  quad- 
rangle, the  Barnes  conglomerate  consists  of 
smooth  pebbles  of  white  quartz  and  hard  vitre- 
ous quartzite  in  an  arkosic  matrix.  The  peb- 
bles are  generally  6  inches  or  less  in  diameter 
but  in  a  few  places  there  are  some  as  much  as  8 
inches  in  diameter.  Although  smoothly 
rounded,  the  pebbles  are  not  globular  but  are 
flattened  ellipsoids  or  round-edged  disks.  They 
are  composed  only  of  the  most  durable  mate- 
rials and  doubtless  passed  through  long  and 
varied  processes  of  attrition  before  they  came  to 
rest  in  the  Barnes  conglomerate.  On  the 
whole,  such  meager  evidence  as  is  obtainable 
appears  to  indicate  that  the  conglomerate  rep- 
resents stream  action  rather  than  littoral  or 
marine  action.  The  formations  that  supplied 
the  quartzitic  material  to  the  conglomerate,  as 
will  be  shown  later,  are  exposed  north  of  Roose- 
velt, in  the  Sierra  Ancha  and  the  Mazatzal 
Range. 

In  some  places  the  pebbles,  which  generally 
lie  with  their  flat  sides  roughly  parallel  to  the 
bedding  planes,  are  in  contact  and  the  propor- 
tion of  arkosic  matrix  is  correspondingly  small; 
in  other  places  the  matrix  predominates.  As 
a  rule,  the  pebbles  become  larger  and  more 
abimdant  toward  the  south,  although  the  gra- 
dation is  probably  not  wholly  regular.  Thus 
at  Barnes  Peak  the  average  diameter  of  the 
pebbles  is  3  or  4  inches  and  the  thickness  of 
the  formation  from  10  to  15  feet.  In  the 
vicinity  of  El  Capitan  Mountain,  in  the  Mescal 
Range,  pebbles  6  inches  in  diameter  are  abun- 
dant, the  average  size  is  probably  a  Uttle  larger 


than  at  Barnes  Peak,  and  the  thicknees  of  the 
formation  is  from  15  to  20  feet.  At  the  north 
end  of  the  Dripping  Spring  Range  the  con- 
glomerate is  rather  variable.  A  small  expos- 
ure about  1|  miles  north  of  Walnut  Spring 
shows  thin  bands  of  pebbles  associated  with 
pinkish  arkose  and  gray  shale.  The  pebbles, 
which  are  ohiefly  white  quartz  and  not  very 
well  rounded,  rarely  exoeed  2  inches  in  diameter 
and  not  any  over  3  inches  were  seen.  About 
2  miles  northwest  of  Walnut  Spring  the  whole 
formation  is  from  10  to  12  feet  thick,  but  the 
arkosic  matrix  is  much  more  abundant  than 
the  pebbles,  which  although  not  uniformly  dis- 
tributed are,  as  a  rule,  most  numerous  near  the 
base.  The  lower  part  of  the  bed  thus  presents 
in  some  places  the  aspect  of  the  typical  Barnes 
conglomerate,  but  the  upper  part  is  distin- 
guishable from  the  overlying  quartzite  only  by 
the  oocurrenoe  within  it  of  a  few  small  and 
scattered  pebbles. 

Northeast  of  Tarn  O'Shanter  Peak,  on  the 
other  hand,  the  conglomerate  is  about  40  feet 
thick  and  consists  of  chiefly  smooth,  rounded 
pebbles  that  are  generally  in  contact  with  one 
another,  with  just  enough  matrix  to  fill  the 
interstices.  Some  of  the  pebbles  are  as  much 
as  10  inches  in  diameter,  but  most  of  them  are 
imder  6  inches.  In  the  Tortilla  Range,  south 
of  Kelvin,  the  conglomerate  is  about  55  feet 
thick  and  contains  abundant  oharacteristio 
pebbles  8  inches  or  less  in  diameter. 

The  arkosic  matrix  of  the  conglomerate  is 
generally  similar  to  the  material  of  the  over- 
lying Dripping  Spring  quartzite,  although  per- 
haps a  little  coarser.  It  varies  in  hardness,  but 
as  a  rule  all  the  constituents  of  the  conglomer- 
ate are  cemented  by  silica  into  a  hard  and  dura- 
ble rock  in  which  fractures  traverse  pebbles 
and  matrix  alike.  A  very  characteristic  fea- 
ture of  the  Barnes  conglomerate  is  the  pres- 
ence in  the  matrix  of  small  fragments  of 
vermiUon-red  chert  or  jasper  as  much  as  an 
inch  or  so  in  diameter. 

A  view  of  the  upper  part  of  the  Barnes  con- 
glomerate as  exposed  on  El  Capitan  Creek,  in 
the  northeastern  part  of  the  Ray  quadrangle, 
is  shown  in  Plate  XXVI,  G. 

DBIPFINO  SPRING  QUABTZITB. 

The  Dripping  Spring  quartzite  lies  conforma- 
bly on  the  Barnes  conglomerate  and  imder  the 


188 


SHOBTEB  CONTRIBUTIONS  TO  OENEBAL  GEOLOGY^  1916. 


Mescal  limestone.*  Approximately  the  lower 
third  of  the  formation  consists  of  hard  fine- 
grained arkosic  quartzites,  which,  as  seen  in 
natural  sections,  show  no  very  definite  division 
into  distinct  beds  but  do  exhibit  a  pronounced 
striping,  due  to  the  alternation  of  dull-red 
and  dark-gray  or  nearly  black  bands  parallel 
with  the  planes  of  stratification.  These  bands 
as  a  rule  are  less  than  1  foot  thick  and  give  a 
generally  thin-bedded  aspect  to  this  portion  of 
the  formation,  as  may  be  seen  from  Plate 
XXVII,  By  although  the  illustration  fails  to 
show  the  contrasting  tints  of  the  bands.  About 
midway  between  the  top  and  bottom  of  the 
formation  the  striped  beds  are  succeeded  by 
fairly  massive  beds,  as  much  as  6  feet  thick,  of 
even-grained  buff  or  pinkish  quartzite  associ- 
ated with  fla^y  variegated  red,  brown,  and 
gray  beds  and  with  some  layers  of  gray  and 
reddish  shales  suggestive  of  the  Pioneer  shale. 

In  the  upper  part  of  the  formation  the  beds 
become  thin,  flaggy,  and  rusty,  with  a  tendency 
to  grade  into  the  Mescal  limestone. 

The  sand  which  became  the  Dripping  Spring 
quartzite  was  deposited  in  shallow  water  and 
was  at  times  exposed  to  the  air,  as  may  be 
seen  from  the  ripple  marks,  sun  cracks,  and 
fossil  worm  casts  visible  on  the  surface  of  the 
beds.  The  deposit  is  tentatively  regarded  as 
of  delta  origin.  It  is  composed  throughout  of 
fine  material,  and  contains  no  pebbles,  so  far 
as  known.  This  feature  and  the  banding  of 
its  lower  beds  serve  throughout  the  Ray  quad- 
rangle to  distinguish  this  quartzite  from  the 
pebbly  cross-bedded  Troy  quartzite,  to  be  de- 
scribed later. 

Where  almost  vertically  upturned  in  the 
Tortilla  Range  the  Dripping  Spring  quartzite 
appears  to  be  about  500  feet  thick,  but  the 
presence  of  intrusive  diabase  detracts  a  Uttle 
from  the  rehabiUty  of  this  measurement,  as 
movements  during  the  intrusion  may  have 
increased  the  apparent  thickness.  Southwest 
of  Pioneer  Mountain,  where  the  whole  of  the 
quartzite  seems  to  be  exposed  without  notice- 
able faulting,  the  thickness  obtained  by  calcu- 
lation from  the  width  of  the  outcrop  as  mapped, 
the  average  dip  of  the  beds,  and  the  general 
angle  of  topographic  slope  is  between  450  and 

1  This  is  a  redefinition  of  Dripping  Spring  quartzite  as  the  name  was 
originally  used  in  the  Globe  quadrangle.  The  reasons  for  the  change 
have  been  putliished  (Hin.  and  Sci.  Press,  vol.  102,  pp.  747-748,  1911) 
and  are  summarized  on  pages  143-144  of  the  present  paper. 


500  feet.  At  Barnes  Peak,  in  the  Globe  quad- 
rangle, the  thickness  was  estimated  at  400  feet. 
The  average  thickness  for  the  Ray  quad- 
rangle is  taken  at  450  feet,  which  is  probably 
under  rather  than  above  the  truth. 

MBSCAL  LIKS8TONE. 

The  Mescal  limestone  was  first  recognized  as 
a  distinct  formation  in  the  course  of  mapping 
the  Ray  quadrangle  and  is  named  from  the 
Mescal  Mountains,  where  it  is  well  exposed. 
Stratigraphically  it  is  limited  below  by  the 
Dripping  Spring  quartzite  and  above  by  the 
Troy  quartzite.  Some  fragments  of  this  for- 
mation, most  of  them  intimately  associated 
with  intrusive  diabase,  occur  in  the  Globe  quad- 
rangle, but  when  the  report  on  that  area  was 
prepared  these  masses  of  strata  were  supposed 
to  be  somewhat  metamorphosed  portions  of  the 
thin  Devonian  beds  in  the  lower  part  of  the 
*  *  Globe  limestone.' ' 

In  the  Ray  quadrangle  also  the  Mescal  lime- 
stone and  the  diabase  are  closely  associated. 
Lying  between  the  two  heavy  quartzitic  for- 
mations, the  thin-bedded  dolomitic  limestone 
proved  an  easy  path  for  the  invading  diabase 
magma  and  retains  little  of  its  former  con- 
tinuity. In  the  development  of  the  topography 
the  diabase  tends  to  wear  down  into  swales  and 
hollows,  and  an  extended  view  over  one  of 
these  depressions  shows  the  generally  olive- 
tinted  surface  characteristic  of  diabase  areaS| 
varied  by  blotches  of  white  that  represent 
included  blocks  of  the  Mescal  limestone,  some 
of  which  are  nearly  a  quarter  of  a  square  mile 
in  area.  Other  portions  of  the  formation  rest 
in  their  original  position  on  the  Dripping  Spring 
quartzite,  and  the  diabase  lies  in  igneous  con- 
tact above  them.  Still  others  crop  out  along 
the  bases  of  cliffs  formed  by  the  Troy  quartzite 
and  lie  above  the  intruded  diabase.  Rarely 
the  limestone  lies  imbroken  between  the  two 
quartzites. 

The  Mescal  limestone  is  composed  of  thin 
beds  that  have  a  varied  range  of  color,  but  are 
persistently  cherty,  the  siliceous  segregations 
as  a  rule  forming  irregular  layers  parallel  with 
the  bedding  planes.  On  weathered  surfaces 
these  layers  stand  out  in  relief  and  give  to  the 
limestone  the  rough,  gnarled  banding  that  is 
its  most  characteristic  feature.  The  usual  ap- 
pearance of  the  Mescal  limestone  on  outcrop- 


I.  5.  OEOLOQICAL  SURVEY  PROFESSIONAL  PAPER  M  PLATE  X 


B.  MESCAL  LIMESTONE  ON  EL  CAPITAN  CREEK, 
MESCAL  RANGE,  RAV  QUADRANGLE,  ARIZ., 
SHOWING    EFFECT    OF    WEATHERING. 


a    BARNES    CONGLOMERATE,    EL    CAPITAN    CREEK,    ARIZ. 


I.  S.  OEOLOOICAL  SURVEY  PROFESSIONAL  PAPER  98     PLATE  X 


A.    CROSS-BEDDED    PEBBLY    TROV    QUARTZITE,    DRIPPING    SPRING    RANGE. 


B.    BANDED    DRIPPING    SPRING    QUARTZITE,    MESCAL    RANGE,    1     MILE    SOUTH    OF    PIONEER. 
QUARTZITES     OF     THE     RaY     QUADRANGLE,     ARIZ- 
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ping  edges  is  shown  in  Plate  XXVIII.  The 
general  hue  of  the  formation  is  gray  or  white, 
but  some  beds  are  yellow,  buflf ,  brown,  or  rusty. 
In  some  localities  the  rough,  gnarled  strata  are 
accompanied  by  others  containing  thin  regular 
buff  and  gray  layers  whose  differences  in  chemi- 
cal composition  in  conjunction  with  the  dis- 
solving action  of  atmospheric  water  gives  rise 
to  such  natural  ornamentation  as  is  illustrated 
m  Plate  XXVI,  B. 

Between  the  limestone  and  the  overlying 
Troy  quartzite  is  a  layer  of  decomposed  vesic- 
ular basalt  whose  maximum  observed  thick- 
ness- is  100  feet.  Although  the  basalt  is  in 
places  much  thinner  than  this,  the  flow  was 
apparently  coextensive  with  the  Mescal  lime- 
stone throughout  the  Ray  and  Globe  quad- 
rangles. Where  the  basalt  is  in  contact  with 
the  later  intrusive  diabase  distinction  be- 
tween the  two  is  difficult  in  the  absence  of 
good  exposures,  and  in  the  earlier  work  in  the 
Globe  quadrangle  the  altered  vesicular  basalt 
was  supposed  to  be  merely  a  contact  modifica- 
tion of  the  diabase. 

A  section  of  the  Mescal  limestone  with  the 
overlying  basalt  flow,  as  exposed  on  the  east 
side  of  El  Capitan  Canyon,  is  given  below. 
The  thicknesses  stated  are  approximate. 

Section  of  the  Mescal  limeatone. 

Troy  quartzite.  Fwt. 

Vesicular  basalt 75 

4.  Striped  buff  and  gray  dolomitic  limestone  weather- 
ing sharp  channels  and  ridges,  as  iUustrated  in 
PlateXXVI,  B 15 

3.  Very  rough  cherry  dolomitic  limestone  with  no 
distinct  division  into  beds.  Weathers  with 
gnarly  dark  rusty-brown  surface 30 

2.  Gnarled,  knotty  cherty  limestone,  mostly  dolo- 
mitic, in  beds  as  much  as  2  feet  thick.  Some 
beds  light  gray  and  some  dark  brown.  Shaly 
partings 125 

1.  Thin  impure  shaly  limestone,  with  perhaps  some 
dolomite.    Splits  into  thin  leaves.    Mostly  light 

gray.. 50 

Dripping  Spring  quartzite.  ~" 

The  analysis  of  a  sample  from  division  2  of 
the  foregoing  section  is  as  follows: 

Partial  chemical  analyns  of  Mescal  limestone. 

[Oeorge  Steiger,  analyst.] 

SiOa 29.93 

AI3O3 42 

CaO 21.90 

MgO 14.90 

30830^—17 10 


This  rock  weathers  brown  but  on  fresh  frac- 
ture is  almost  white.  The  molecular  ratio  of 
lime  and  magnesia  is  nearly  that  of  dolomite, 
but  as  the  beds  are  not  all  of  the  same  charac- 
ter the  foregoing  analysis  does  not  represent 
accurately  the  composition  of  the  whole  forma- 
tion. 

In  the  narrow  gorge  just  west  of  Hackberry 
Spring,  in  the  southwestern  part  of  the  Ray 
quadrangle,  the  Mescal  limestone  stands  almost 
vertical  and  has  a  thickness  of  225  feet.  In 
the  section  given  above  the  total  thickness 
is  stated  as  220  feet,  exclusive  of  the  vesicular 
basalt.  This,  however,  is  an  estimate  based 
on  barometric  readings  corrected  for  a  dip  of 
about  25°.  The  average  thickness  of  the 
formation  as  mapped  in  the  Ray  quadrangle 
and  including  the  basalt  flow  may  be  taken  as 
about  250  feet. 

TBOT  QTTABTZITE. 

The  Troy  quartzite  lies  conformably  above 
the  Mescal  limestone  and  below  the  Martin 
limestone.  Prior  to  the  detailed  mapping  of 
the  Ray  quadrangle  this  quartzite  had  not  been 
recognized  as  a  formation  distinct  from  the 
lower  or  Dripping  Spring  quartzite,  for  in  the 
Globe  quadrangle  there  are  no  sections  that 
show  the  two  quartzites  separated  by  the 
intervening  Mescal  limestones,  and  such  brief 
papers  on  the  geology  of  the  Ray  quadrangle 
as  have  appeared  since  the  Globe  report  was 
published  have  dealt  only  with  the  immediate 
surroundings  of  the  copper  deposits  at  Ray, 
where  the  stratigraphic  relations  of  the  sedi- 
mentary rocks  are  less  clearly  displayed  than 
elsewhere  in  the  quadrangle.  The  name  of  the 
formation  is  derived  from  Troy  Mountain,  in 
the  Dripping  Spring  Range. 

The  Troy  quartzite  is  one  of  the  most  promi- 
nent and  widely  exposed  formations  in  the  Ray 
quadrangle.  The  beds  differ  greatly  in  thick- 
ness, ranging  from  thin  flaggy  or  shaly  layers 
to  cross-bedded  pebbly  beds  from  25  to  50 
feet  thick.  On  the  whole  the  thicker  beds  are 
characteristic  of  the  lower  and  middle  portions 
of  the  formation.  The  upper  part  is  inva- 
riably composed  of  thin,  generally  yellowish  or 
rusty  worm-marked  shaly  quartzite  indicative 
of  a  change  in  sedimentation  preparatory  to 
the  deposition  of  the  Devonian  limestone. 
The    most    characteristic    material    of    these 
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upper  beds  consistpS  of  layers,  an  inch  or  two 
thick,  of  fine-grained,  unevenly  colored  brown, 
pink,  and  green  quartzite  separated  by  films 
of  olive-gray  shale  whose  cleavage  surfaces 
are  ridged  and  knotted  with  nxunerous  worm 
casts.  The  quartzite  layers  appear  almost 
dolomitic  in  color  and  texture,  but  the  micro- 
scope shows  them  to  consist  chiefly  of  closely 
fitting  quartz  grains  with  specks  of  flocculent 
limonite  and  little  nests  of  a  green  chloritic 
mica.  The  most  noteworthy  features  of  the 
thicker  beds  are  their  generally  pebbly  charac- 
ter, which  is  a  useful  means  of  distinguishing 
isolated  exposures  of  the  Troy  quartzite  from 
the  pebble-free  Dripping  Spring  quartzite,  and 
their  conspicuous  cross-bedding.  These  char- 
acteristics are  illustrated  in  Plate  XXVII,  A. 
While  the  Dripping  Spring  quartzite  is  nearly 
all  arkosic  the  Troy  quartzite  shows  little  or 
no  feldspar. 

A  not  quite  complete  section  of  the  Troy 
quartzite  as  exposed  in  nearly  horizontal  atti- 
tude 1}  miles  southeast  of  Tam  O'Shanter 
Peak,  in  the  Dripping  Spring  Range,  is  given 
below,  with  approximate  thicknesses. 


Sectum  of  Troy  quartzite. 


Feet. 


11.    Yellowuh,  rusty,  thin-bedded  quartzites  with 
olive-gray  shale  partings  roughened  by  worm 

casta;  at  least 50 

10.    Fine-grained  quartzite  with  very  regular  lami< 

nations  from  2  to  6  inches  thick 1} 

9 .    Rather  thin  beds  of  white  fine-pebbly  quartzite      50 

8.  A  single  bed  of  massive  cross-bedded  fine- 
pebbly  white  quartzite,  with  layers  of  small 
quartz  pebbles  every  few  feet.    Forms  a 

cliff 50 

Sheet  of  porphyry,  25  feet. 

7.  Partly  concealed;  apparently  rather  thin  bed- 
ded gray  pebbly  quartzite 35 

6.  Two  beds  of  cross-bedded  coarse  quartzite  or 
grit,  with  scattered  pebbles  of  white  quartz 
as  much  as  6  inches  in  diameter.  Forms  a 
scarp 15 

5.  Conspicuously  cross-bedded  gray  quartzite, 
with  many  layers  of  small  quartz  pebbles. 
No  distinct  separation  into  beds,  but  obscure 
laminations  average  about  1  foot  in  thick- 
ness. Forms  a  stepped  slope.  Microscope 
shows  typical  quartzite  texture  with  en- 
larged interlocking  quartz  grains 75 

4.  Conglomerate  with  fairly  well  rounded  peb- 
bles, mostly  of  white  quartz,  as  much  as  4 
inches  in  diameter,  in  an  abundant  cross- 
bedded  matrix  of  coarse  quartzite 6 

3.    Soil-covered  slope,  apparently  underlain  by  a 

yellowish  shale  or  fine-grained  quartzite 25 


Feat. 

Cross-bedded  pebbly  quartzite  in  beds  4  to  10 
feet  thick.  Pebbles  quartz;  rarely  over  2 
inches  in  diameter;  in  places  scattered  and 
in  places  concentrated  in  irregular  lenticular 
layers.  Weathers  gray  or  rusty.  Forms  a 
stepped  slope 26 

Bed  of  irr^ularly  banded  gray  quartzltic  brec- 
cia grading  up  into  cross-bedded  coarse  grit 
or  conglomerate  with  quartz  pebbles.  Brec- 
cia in  lower  part  of  bed  contains  angular 
fragments  of  white  quartz  6  inches  or  less  in 
diameter.    Forms  acliff 30 


362i 


Bed  No.  1  is  the  bottom  of  the  Troy  quartz- 
ite. Below  it  is  the  vesicular  basalt  at  the 
top  of  the  Mescal  limestone. 

Although  much  of  the  Troy  quartzite  is 
hght  gray  or  white  on  fresh  fracture,  the 
weathered  exposures  are  generally  buflF,  brown, 
rusty,  or  maroon.  In  the  canyon  northwest 
of  Tam  O'Shanter  Peak,  where  the  quartzite 
is  finely  exposed,  the  general  tint  is  reddish 
brown,  but  the  different  parts  of  the  forma- 
tion vary  in  color  from  white  or  pale  buff  to 
dull  dark  red. 

Determination  of  the  exact  thickness  of  the 
Troy  quartzite  is  difficult,  owing  to  the  fact 
that  few  of  the  many  fault  blocks  show  a  full 
section  of  the  formation  or  give  opportunity 
for  detailed  measurements.  The  section  re- 
corded above  gives  a  total  thickness  of  about 
362^  feet  but  probably  does  not  include  all 
the  upper  beds.  In  the  goi^e  west  of  Hack- 
berry  Spring  a  measurement  across  the  edges 
of  the  nearly  vertical  beds  gave  300  feet,  but 
here  also  there  are  beds  missing  from  the  top 
of  the  formation.  A  little  less  than  2  miles 
northwest  of  Tam  O'Shanter  Peak  the  forma- 
tion, here  nearly  horizontal,  is  exposed  in  full 
section  between  the  Mescal  dolomite  and  the 
Devonian  Umestone.  The  mapping  here  indi- 
cates a  thickness  of  a  Uttle  more  than  350  feet. 
On  Troy  and  Scott  moimtains  the  quartzite  as 
mapped  appears  to  be  xmduly  thick,  the  dis- 
tribution on  Scott  Mountain  calling  for  a 
thickness  of  about  1,000  feet.  This  is  clearly 
in  excess  of  any  possible  real  increase  in  the 
formation  and  probably  is  to  be  accounted 
for  by  faulting  or  flexing  that  is  not  distinctly 
shown  at  the  surface.  From  all  available 
information  the  average  thickness  of  the 
formation  is  estimated  to  be  about  400  feet. 


J.  a  OEOLOGicAL  sunvEY  pbofeswonal  paper  9a   plate  xxviii 


Mescal   Limestone    in   the    Ray   Quadrangle.   Ariz. 
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.    SECTION    ON    EL    CAPITAN    CREEK,    MESCAL    RANGE. 


b.  el  capitan  from  the  northwest. 
Sections   of   Paleozoic   Rocks    in   the    Ray   Quadrangle.   Ariz. 
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The  Troy  quartzite,  with  its  abundant 
pebbly  kyers  and  conspicuous  cross-bedding, 
is  suggestive  of  fluviatile  or  deltaic  deposition. 
The  upper  part  of  this  formation,  however, 
grades  into  the  undoubtedly  marine  Devonian 
beds. 

MABTIN  LDCSSTONB. 

The  Martin  limestone  occupies  conformably 
the  stratigraphic  interval  between  the  imder- 
lying  Troy  quartzite  and  the  overlying  Tornado 
limestone  and,  with  the  possible  exception  of 
some  of  its  unfossiliferous  lower  beds,  is  of 
Devonian  age.  The  beds  here  separated  as 
the  Martin  limestone  were  in  the  Globe  quad- 
rangle mapped  with  the  overlying  Carboni- 
ferous (Tornado)  Umestone  imder  the  name 
"Globe  limestone." 

As  a  whole  the  Martin  limestone  is  a  com- 
paratively thin  bedded  formation,  which  weath- 
ers into  slopes  broken  here  and  there  by  low 
scarps  marking  the  outcrop  of  some  bed  a 
little  harder  or  thicker  than  the  rest.  A  typi- 
cal natural  section  of  the  formation  is  shown  in 
Plate  XXIX,  A.  Distant  views  of  such  slopes 
show  that  the  formation  is  divisible  on  the 
basis  of  color  into  two  nearly  equal  parts. 
The  prevailing  hue  of  the  lower  division  is 
light  yellowish  gray;  the  upper  division,  less 
uniform  in  tint,  displays  alternations  of 
deeper  yellow  and  darker  gray.  Detailed  ex- 
amination proves  the  lower  division  to  con- 
sist mainly  of  very  compact,  hard,  gray  lime- 
stone in  beds  rarely  more  than  2  feet  thick, 
with,  at  the  base,  a  bed  of  impiure  yellow  lime- 
stone containing  abimdant  grains  of  quartz. 
This  lowest  bed,  which  in  places  is  cross-bedded 
and  contains  so  much  detrital  material  that  it 
might  be  classed  as  a  calcareous  grit,  weathers 
to  a  rough  sandy  surface,  but  the  overlying 
gray  beds  are  characterized  by  solution  sur- 
faces that  although  imeven  in  general  are 
smooth  in  detail.  A  characteristic  feature  of 
these  compact  lower  limestones  is  the  pres- 
ence of  little  spherical,  oval,  or  irregular  con- 
cretions of  dark  chert,  which  as  a  rule  are 
about  the  size  of  peas.  No  identifiable  fossils 
have  been  found  in  this  lower  division  of  the 
Martin  limestone,  although  it  contains  obscure 
traces  of  organic  life. 

About  midway  in  the  section  is  a  bed,  about 
15  feet  thick,  of  rusty-yellow  impure  sandy 


limestone  showing  flaggy  lamination.  Above 
this  are  dark-gray  and  yellowish  limestones  in 
beds  of  different  thicknesses,  with  shaly  part- 
ings. These  strata  are  generally  fossiliferous, 
some  of  the  shaly  partings  particularly  being 
crowded  with  Atrypa  reticularis  and  other  small 
Devonian  brachiopods.  Some  very  dark  beds 
in  this  upper  division  of  the  formation  are 
marked  with  an  obscure  mottling  suggestive  of 
the  former  presence  of  some  of  the  corals  which 
are  abimdant  in  certain  beds  of  the  Martin 
limestone  at  Bisbee  but  which  in  the  Ray  quad- 
rangle have  been  less  perfectly  preserved.  The 
top  bed  of  the  Devonian  is  a  yellow  calcareous 
shale  which  breaks  up  on  exposure  into  minute 
thin  flakes  and  which  consequently  has  no 
prominent  outcrops.  The  yeUow  color  is  char- 
acteristic of  all  natural  exposures,  although 
before  weathering  the  shale  is  gray.  Being 
overlain  by  the  massive  cliff-making  Carbonif- 
erous limestone,  the  bed  of  shale  is  in  many 
places  concealed  by  talus,  and  its  thickness  was 
not  exactly  determined.  It  may  be  from  15  to 
20  feet  thick,  but  its  base  is  not  very  clearly 
defined,  for  layers  of  similar  shale  occur  between 
some  of  the  limestone  beds  in  the  upper  part  of 
the  formation. 

The  Devonian  limestone  is  generally  magne- 
sian  and  does  not  effervesce  freely  in  cold  dilute 
acid.  An  analysis  of  a  typical  specimen  from 
the  lower  division  of  the  formation  is  as  follows: 

Partial  chemical  analysu  of  Devonian  limeiUme, 

[R.  C.  Wells,  analyst.] 

SiOj 3.11 

AlA 33 

FeaOjandFeO 1.22 

CaO 31.65 

MgO 18.65 

Measurements  and  estimates  of  the  thick- 
ness of  the  Martin  limestone  in  different  parts 
of  the  quadrangle  range  from  300  to  350  feet. 
The  average  thickness  is  considered  to  be 
325  feet. 

In  contrast  with  the  older  formations,  which 
have  yielded  no  determinable  organic  remains, 
the  upper  division  of  the  Martin  limestone  con- 
tains fossils  at  many  horizons  from  the  top  of 
the  rusty  bed  at  its  base  to  the  lower  layers  of 
the  yellow  shale.  In  all  18  lots  of  fossils  were 
collected  and  were  referred  to  E.  M.  Kindle, 
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then  of  the  United  States  Geological  Survey, 

who  lists  the  following  species : 

Zaphrentu  sp.  undet. 
ProducteUa  hallana. 
Stropheodonta  arcuata. 
Stropheodonta  demiasa. 
Stropheodonta  \'ari8triata. 
Stropheodonta  sp. 
Leptostrophia  cf.  L.  inteoetrialis. 
Strophonella  cf .  S.  ampla. 
Schuchertella  chemuogensis. 
Schizpphoiia  striatula. 
Atrypa  reticularis. 
Atrypa  hystrix  ocddentaliB. 
Atrypa  spinosa. 
Gamarotcechia  sp. 
Pugnax  pugniu. 
Spirifer  orestes. 
Spirifer  hungerfordi. 
Cyrtia  cyrtinifonnis. 
Schizodus  sp. 
Paracyclaa  cf .  P.  elliptica. 
Euomphalus  cycloetomufl? 
EuomphaluB  sp. 
Bellerophon  sp.  undet. 

Dr.  Elindle  remarks  with  reference  to  this 

fauna: 

On  the  ground  of  its  close  relationship  to  an  Upper  De- 
vonian fauna  of  Iowa  and  its  stratigraphic  relations  to  the 
Carboniferous  faima  of  the  Arizona  section,  I  would  place 
the  fauna  of  the  Martin  limestone  and  its  equivalent,  the 
Devonian  fauna  of  the  Ray  quadrangle,  in  the  Upper 
Devonian.  It  is  of  course  possible  that  the  time  range  of 
this  fauna  in  Arizona  may  include  Middle  as  well  as  Upper 
Devonian,  but  that  it  includes  the  Upper  Devonian  in  any 
event  seems  well  established  by  the  available  evidence. 

As  the  Devonian  portion  of  the  ''  Globe  lime- 
stone" in  the  Globe  quadrangle  is  continuous 
and  identical  with  what  is  now  designated  the 
Martin  limestone,  fossils  collected  from  it 
shoidd  be  included  in  the  Martin  faxma.  For 
convenience  therefore  the  list  of  determina- 
tions made  by  H.  S.  Williams  ^  on  the  older 
collections,  with  slight  changes  by  Dr.  Kindle, 
to  bring  it  into  accord  with  present  nomencla- 
ture, is  given  below. 

Cf.  sponge. 

Cf .  Rhodocrinus,  crinoid  stems  and  plates. 

Atrypa  reticularis  Linn4. 

ProducteUa  hallana  Walcott. 

Stropheodonta  calvini  Miller. 

Cyrtia  cyrtiniformis  (Hall  and  Whitfield). 

Spirifer  hungerfordi  Hall. 

Spirifer  orestes  Hall  and  Whitfield. 

Spirifer  whitneyi  Hall. 

Reticularia  fimbriata  (Conrad). 

Cyrtina  hamiltonensis  HaU. 

Martinia   subumbona   (Hall);  cf.    Spirifer   infima 

Whidborne. 
Pugnax  pugnus  (Martin). 
SchucherteUa  chemungensis  (Conrad)  var. 
Dielasma  cf .  D.  calvini  (Hall  and  Whitfield ) . 

»  Ransome,  F.  L.,  U.  S.  G«ol.  Survey  Prof.  Paper  12,  pp.  40-42, 1903. 


TORNADO  LDCXSTONX. 

The  Tornado  limestone,  named  from  Tor- 
nado Peak,  in  the  southeastern  part  of  the 
Ray  quadrangle,  where  it  is  extensively 
exposed,  overlies  with  apparent  conformity 
the  Martin  limestone  and  is  equivalent  to  the 
Carboniferous  portion  of  the  "Globe  lime- 
stone'' as  mapped  in  the  Globe  quadrangle. 
In  places  its  upper  limit  is  a  surface  of  erosion 
upon  which  in  general  rests  the  Quaternary 
Gila  conglomerate,  although  in  the  south- 
eastern part  of  the  Ray  quadrangle  there  is 
an  intervening  andesitic  formation,  probably 
of  Mesozoic  age. 

The  Tornado  limestone  is  generally  light 
lead-gray  in  color  and  is  divisible  with  respect 
to  thiclmess  and  character  of  bedding  into  at 
least  three  members.  The  basal  division, 
directly  overlying  the  Devonian,  is  about  75 
feet  thick  and  forms  the  lower  part  of  the 
scarp  that  is  so  prevalent  a  feature  of  the 
Carboniferous  outcrops  in  central  and  southern 
Arizona.  Under  the  action  of  erosion  this 
division  behaves  as  a  single  massive  bed,  but 
in  reality  it  is  made  up  of  alternating  dark 
and  light  gray  layers,  a  foot  or  two  thick 
which  in  cliff  faces  give  this  member  a  banded 
appearance,  as  may  be  seen  in  Plate  XXIX,  A 
(p.  141).  This  banded  division  ¥rith  a  few 
transitional  beds  at  its  top  is  succeeded  by  a 
very  massive  member,  fuUy  100  feet  thick, 
within  which,  as  exposed  in  cliff  faces,  there 
is  as  a  rule  little  more  than  a  suggestion 
of  divisional  bedding  planes.  This  massive 
member  (PI.  XXIX,  A)  is  of  lighter  and 
more  unifonn  tint  than  the  basal  member. 
The  two  together  constitute  the  principal 
diff-forming  part  of  the  Carboniferous  lime- 
stone. The  third  division  consists  of  beds 
generally  thinner  than  those  in  the  other 
two  divisions  but  not  separable  from  them  by 
any  marked  lithologic  distinction. 

The  Tornado  limestone  consists  essentially 
of  calcium  carbonate  and  effervesces  freely 
in  dilute  acid.  An  analysis  of  a  typical  sample 
is  as  follows: 

Partial  chemical  analytia  of  Tornado  limestone. 

[W.  T.  Scballer,  analyst.] 
SiOj 1.36 

AlA 22 

CaO 54.91 

MgO 21 

Thin  layers  of  calcareous  shale  separate 
some  of  the  beds,  but  these  are  a  very  subor- 
dinate part  of  the  formation. 
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Although  nearly  all  the  Carboniferous  hme- 
Btone  contains  fossil  remains,  there  are  few 
localities  where  full  and  satisfactory  collections 
can  be  made.  The  beds  of  the  two  lower 
divisions  carry  abundant  fragments  of  crinoid 
stems  and  less  numerous  rugose  corals  with 
long-winged  spirif  ers  and  Rhipidomella.  These 
appear  in  siUcified  form  on  weathered  surfaces 
of  the  rock,  but  they  can  not  readily  be  sep- 
arated from  their  matrix.  In  the  upper 
division  appear  different  species  of  Productus 
and  Spirif  er,  Derbya  crassa,  Composita  subtUitay 
and  Fusulina. 

Of  seven  collections  made  at  as  many  dif- 
ferent localities  in  the  Ray  quadrangle,  four, 
according  to  George  H.  Girty,  of  the  Geological 
Survey,  consist  of  Mississippian  forms,  and 
three  of  Pennsylvanian  forms.  His  determina- 
tions of  these  fossils  are  as  follows: 

Missimppian  fauna. 

Syringopora  aculeata  Girty? 

Menophyllum  sp. 

Ampleziis?  sp. 

Rhipidomella  aff .  R.  oweni  Hall  and  Clarke. 

Rhipidomella  dubia  Hall? 

Leptaena  analoga  Phillips. 

8chuchertella  inflata  White  and  Whitfield? 

Chonetes  sp. 

Avonia  arcuata  Hall? 

Camorotoechia  metallica  White. 

Dielasma  burlingtonense  TMilte. 

Spirifer  centronatus  Winchell. 

Bzachythyris  peculiaris  Shumard. 

Spiziferina  solidirostris  White. 

Syringothyris  sp. 

Compoaita  humilis  Girty? 

Cliothyridina  sp. 

Pennsylvanian/auna. 

Fusulina  sp. 

Derbya  crassa  Meek  and  Hayden. 
Productus  semireticulatus  Martin. 
Productus  cora  D'Orbigny. 
Pustula  semipunctata  Stevens. 
Spirifer  cameratus  Morton. 
Spirifer  boonensis  Swallow? 
Composita  subtilita  Hall. 
Myalina  subquadrata  Shumard. 

According  to  Mr.  Girty,  the  older  of  these  two 
faunas  is  early  Mississippian  and  the  other  is 
early  Pennsylvanian.  He  notes  that  the  con- 
ditions exhibited  in  the  Ray  quadrangle  are 
apparently  similar  to  those  at  Bisbee,  where  a 
limestone  of  probable  early  Pennsylvanian  age 
(the  Naco)  rests  directly  on  a  Umestone  of  early 
Mississippian  age  (the  Escabrosa).    The  Mis- 


sissippian in  the  Ray  quadrangle,  therefore,  cor- 
responds to  the  Escabrosa  limestone  at  Bisbee, 
and  the  Pennsylvanian  limestone  near  Ray  to 
the  lower  part  of  the  Naco  Umestone. 

In  the  Bisbee  quadrangle  the  distinction 
between  the  Mississippian  and  Pennsylvanian 
limestones  proved  practicable,  although  the 
plane  of  demarcation  is  not  definite.  In  the 
Ray  quadrangle  a  similar  distinction  might 
possibly  be  made,  but  no  satisfactory  basis  for 
it  appeared  in  the  course  of  the  field  work,  and 
it  is  doubtful  whether  its  accomplishment 
would  be  worth  the  additional  labor  involvlad. 
The  clifF-making  lower  members  of  the  Tornado 
limestone  are  certainly  Mississippian,  and 
probably  a  considerable  part  of  the  upper 
member  also  belongs  to  that  epoch. 

The  original  thickness  of  the  Tornado  lime- 
stone is  imknown,  for  the  formation  was  ex- 
tensively eroded  before  the  eruption  of  the 
andesitic  lavas  and  before  the  deposition  of 
the  Gila  conglomerate.  In  the  vicinity  of 
Tornado  Peak  and  along  the  east  flank  of  the 
Tortilla  Range  the  limestone  at  present  must 
be  fully  1,000  feet  thick,  and  it  may  at  one 
time  greatly  have  exceeded  this  thickness. 

NOMENCLATURE. 

The  foregoing  descriptions  have  been  written 
witii  special  reference  to  the  formations  as  they 
are  displayed  in  the  Ray  quadrangle,  but  they 
apply  without  essential  change  to  the  adjoining 
Globe  quadrangle.  When  that  area  was  stud- 
ied, about  11  years  ago,  little  was  known  of  the 
stratigraphy  of  ^is  part  of  Arizona  and  it 
appeared  impracticable,  in  so  intricately  faulted 
a  district,  to  map  the  sedimentary  rocks  in  as 
great  detail  as  has  since  proved  possible  in  the 
Ray  quadrangle.  In  the  Globus  report  the 
Scanlan  conglomerate.  Pioneer  shale,  Barnes 
conglomerate,  and  Dripping  Spring  quartzite, 
while  distinguished  in  certain  geologic  sections, 
were  mapped  together  as  the  "Apache  group*' 
and  the  Devonian  and  Carboniferous  limestone 
were  mapped  as  the  *' Globe  limestone."  As 
none  of  the  numerous  small  fault  blocks  into 
which  the  Globe  district  is  divided  afforded  a 
complete  geologic  section,  and  as  no  quartzite 
was  fou^d  overlying  limestone,  all  the  quartz- 
ite was  supposed  to  belong  to  one  formation 
(the  Dripping  Spring  quartzite),  and  all  the 
limestone  was  supposed  to  belong  to  the 
Devonian    and    Carboniferous    '*  Globe    lime- 
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stone."  The  ''Globe  limestone/'  as  mapped, 
therefore  included  a  little  Mescal  limestone, 
and  the  Troy  quartzite  was  not  distinguished 
from  the  Dripping  Spring  quartzite.  Had  the 
existence  of  the  Mescal  limestone  and  Troy 
quartzite  been  known  when  the  Globe  report 
was  written,  these  two  formations  would 
probably  have  been  included  in  the  definition 
of  the  Apache  group. 

As  at  present  constituted,  this  group  consbts 
of  the  following  formations,  named  in  ascending 
order:  Scanlan  conglomerate,  Pioneer  shale, 
Barnes  conglomerate,  Dripping  Spring  quartz- 
ite, Mescal  limestone,  and  Troy  quartzite.  All 
are  apparently  conformable  and  are  provision- 
aUy  assigned  to  the  Cambrian. 

SANTA  CATAUNA  GEOLOGIC  SECTION. 

As  the  Santa  Catalina  Range,  northeast  of 
Tucson,  b  being  carefully  studied  by  Prof.  C. 
F.  Tolman,  jr.,  for  the  United  States  Geologi- 
cal Survey,  and  as  my  own  observations  were 
confined  to  an  excursion  of  only  six  days'  dura- 
tion, under  his  guidance,  the  treatment  ao- 
corded  in  this  paper  to  the  geology  is  necessa- 
rily brief  and  general. 

The  central  feature  of  the  range,  as  worked 
out  by  Mr.  Tolman,  is  a  great  post-Carbonifer- 
ous intrusive  mass  oi  siliceous  muscovite  gran- 
ite modified  to  a  gneissic  rock  near  its  margins, 
surroimded  by  a  zone  of  intense  contact  meta- 
morphism  in  which  rocks  of  widely  different 
kinds  have  been  conspicuously  affected.  The 
oldest  rock  cut  by  this  granite  is  a  coarse,  por- 
phyiitic  biotite  granite  whicli,  apparently  as 
a  result  of  the  later  granitic  intrusion,  grades 
into  augen  gneiss,  and  locally  this  rock  in  turn 
has  been  transformed  into  a  thinly  fissile  schist. 

Resting  upon  a  worn  and  weathered  surface 
of  the  pre-Cambrian  granite,  as  may  be  well 
seen  on  the  east  side  of  Oracle  Ridge,  north  of 
Apache,  is  the  Scanlan  conglomerate,  10  to  12 
feet  thick,  composed  of  imperfectly  rounded 
pebbles  of  white  quartz  in  a  much  silicified 
matrix.  The  conglomerate  grades  upward 
through  several  feet  of  very  hard  white  quartz- 
ite into  fine-grained  sericite  schists — the  locally 
metamorphosed  Pioneer  shale.  In  some  locaU- 
ties  in  the  Santa  Catalina  Range  the  crystalline 
texture  is  so  well  developed  that  these  altered 
shales  might  easily  be  mistaken  for  the  pre- 
Cambrian  Pinal  schist.  It  may  be  noted  in 
this  connection  that  the  Pioneer  shale  has  been 
metamorphosed  to  crystalline  schist  by  the  in- 


trusion of  granodiorite  at  Troy,  in  the  Ray 
quadrangle,  also.  The  metamorphism  there, 
however,  is  on  a  much  smaller  scale  than  in 
the  Santa  Catalina  Range.  Overlying  the 
schist  in  the  vicinity  of  Apache  is  the  Barnes 
conglomerate,  showing  its  well-rounded  ellip- 
soidal pebbles.  Its  thickness  here  is  about  12 
feet.  Although  it  is  more  silicified  than  the 
typical  conglomerate  of  the  Ray  quadrangle, 
there  can  be  little  doubt  of  its  stxatigraphic 
identity.  Southeast  of  Apache,  on  the  east 
slope  of  the  range,  the  Barnes  conglomerate  is 
overlain  by  a  quartzite  which  is  correlated  with 
the  Dripping  Spring  quartzite,  although  its 
character  has  been  modified  by  the  prevalent 
metamorphism.  Stratigraphically  above  the 
quartzite  is  a  formation  that  is  probably  the 
Mescal  limestone.  In  a  few  places  the  lime- 
stone shows  some  of  the  cherty  bands  so  char- 
acteristic of  this  formation  near  Ray,  but  as  a 
rule  the  beds  are  much  metamorphosed.  Some 
have  been  squeezed  and  kneaded  so  that  the 
chert  layers  have  been  drawn  out  into  thin  curly 
laminse;  others  have  been  changed  to  crystal- 
line  schist  or  to  fine-grained  gamet^pidote 
rock.  The  vesicular  basalt  that  overlies  the 
Mescal  limestone  in  the  Ray  quadrangle  was 
not  recognized  in  the  brief  examination  made 
of  the  Catalina  Range. 

Above  the  Mescal  limestone  is  a  pebbly 
quartzite  with  bands  of  conglomerate  and 
with  thin,  shaly  worm-marked  beds  near  the 
top ;  in  all  probability  this  is  the  Troy  quartzite. 

The  quartzite  is  overlain  by  gen^^y  rather 
thin  bedded  Devonian  limestones,  from  which 
Mr.  Tolman  has  collected  fossils,  followed  in 
ascending  stratigraphic  succession  by  the 
thicker-bedded  gray  Carboniferous  limestone. 
Finally,  these  formations  are  unconformably 
overlain  by  a  thick  series  of  red  shales,  contain- 
ing some  impure  sandy  limestone,  with  a  heavy 
limestone  conglomerate  at  the  base.  These 
beds  may  possibly  belong  to  the  Manzano 
group,^  but  Mr.  Tolman  has  not  yet  found  any 
fossils  in  them. 

In  the  short  time  devoted  to  the  Santa  Cata- 
lina Range  no  attempt  was  made  to  measure 
the  thicknesses  of  the  different  formations. 
Disturbance  and  metamorphism  render  this  a 
difficiQt  task,  but  Mr.  Tolman  will  doubtless 
attempt  it  before  the  completion  of  his  work. 
The  general  impression  obtained,  however,  was 

1  Lee,W.  T.,  and  Girt  y.G.H..  The  Manzano  fEToap  of  the  RfoGcamto 
vaUey,  N  Max.:  V.  S.  GeoL  Suney  Ball.  380, 1908. 
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b.  typical  exposure  on  e5cabrosa  ridge,  west  of  bisbee. 
Abriqo   Limestone    in   the    Mule   Mountains.   Ariz. 
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that  the  fonnations  making  up  the  Santa 
Catahna  section  do  not  differ  greatly  in  their 
respective  thicknesses  from  those  at  Ray. 

BISBEE  GEOLOGIC  SECTION. 

From  Apache,  in  the  Santa  Catalina  Moun- 
tainSy  to  Tombstone  the  distance  is  about  70 
mileSi  and  from  Tombstone  to  Bisbee  about  20 
miles.  Between  the  Santa  Catahna  Range 
and  the  north  end  of  the  Mule  Mountains, 
where  Tombstone  is  situated,  lies  a  country 
about  which  Uttle  geologic  information  is  avail- 
able. The  principal  mountain  range  in  this 
interval  is  the  Whetstone,  southwest  of  Ben- 
son. These  mountains  were  visited  over  10 
years  ago  by  Dumble,^  who  reports  over  1,300 
feet  of  limestones  and  sandstones  referable  to 
the  Carboniferous  and  5,000  feet  of  sands  and 
clays  that  he  assigned  to  the  Triassic.  The 
range  evidently  is  of  much  stratigraphic  in- 
terest, especially  in  view  of  the  fact  that,  as 
will  presently  be  shown,  the  sections  at  Tomb- 
stone and  Bisbee  are  considerably  different 
from  those  of  Ray  and  the  Santa  Catalina 
Range.  Some  carefully  measured  and  de- 
scribed sections  from  the  Whetstone  Moim tains 
would  constitute  a  valuable  contribution  to  the 
stratigraphy  of  Arizona,  and  as  these  mountains 
are  readily  accessible  it  is  to  be  hoped  that  some 
geologist  will  before  long  find  opportunity  to 
study  them. 

A  strictly  geographic  order  of  treatment 
would  necessitate  consideration  of  the  section 
at  Tombstone  before  that  at  Bisbee;  but  the 
latter  was  the  first  to  be  studied  in  detail  and 
as  it  constitutes  the  type  to  which  the  Tomb- 
stone section  conforms,  it  may  conveniently  be 
given  priority  of  description  here.' 

Resting  imconformably  on  the  Pinal  schist 
at  Bisbee  is  the  Bolsa  quartzite,  430  feet  thick, 
with  a  bed  of  conglomerate  from  6  inches  to  a 
foot  in  thickness  at  its  base.  Most  of  the 
pebbles  of  this  basal  conglomerate  are  com- 
posed of  white  quartz  and  are  less  than  3  inches 
in  diameter.  The  conglomerate  is  overlain, 
with  no  definite  plane  of  division,  by  hard 
cross-bedded  pebbly  grits,  the  individual  beds 
of  which  are  from  10  to  20  feet  thick,  and  above 
these  lie  thinner,  finer-grained  quartzites.  The 
general  color  of  the  formation  is  rusty  brown. 

1  Dumble,  £.  T.,  Notes  on  the  geology  of  southeastern  Arizona:  Am. 
Inst.  Mln.  Eng.  Trans.,  vol.  31,  pp.  <>9&-715, 19Q2. 

>  For  the  original  detailed  descriptioDs  of  the  fonnations  at  Bisbee  see 
Ransome,  F.  L.,  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle 
Ariz.:  U.  8.  Oeol.  Survey  Prof.  Paper  21,  pp.  2»-56, 1904. 


Conformably  overlying  the  quartzite  is  the 
Abrigo  limestone,  770  feet  thick.  This  forma- 
tion consists  mainly  of  rather  thin  bedded  Ume- 
stones,  in  part  sandy  and  dolomitic,  with  some 
shale.  A  laminated  structure,  due  to  the  alter- 
nation of  layers  of  gray  Umestone,  generally  2  or 
3  inches  thick,  with  still  thinner  sheets  of  chert, 
is  a  conspicuous  feature  of  the  formation. 
These  chert  bands,  as  may  be  seen  from  Plate 
XXX,  B,  are  prominent  on  weathered  sur- 
faces, and  the  lithologic  resemblance  of  the 
Abrigo  to  the  Mescal  limestone  of  the  Ray 
quadrangle  (see  PL  XXVIII,  p.  140)  is  exceed- 
ingly close.  The  beds  of  the  Abrigo  are  gen- 
erally from  1  to  2  feet  in  thickness.  Their  pre- 
vailing color,  as  seen  in  large  exposures,  is  dark 
greenish  yellow. 

In  the  typical  Mount  Martin  section,  near 
Bisbee,  the  Bolsa  quartzite  is  immediately 
overlain  by  about  40  feet  of  thin-bedded,  very 
cherty  limestones,  which  break  up  on  weather- 
ing into  thin  rusty  plates.  Above  these  are  a 
few  beds  of  gray  limestone  2  feet  in  maximum 
thickness,  alternating  with  fissile  yellowish  cal- 
careous shales  and  with  laminated  cherty  beds, 
such  as  have  just  been  described.  The  upper 
100  feet  of  the  formation  is  made  up  of  rather 
soft,  sandy  thin-bedded  gray  limestone,  with 
one  bed  of  harder  gray  limestone  6  feet  thick 
about  40  feet  from  the  top.  The  upper  Umit  of 
the  Abrigo  formation  is  defined  in  the  Moimt 
Martin  section  by  a  bed  of  pure  white  quartzite 
about  8  feet  in  thickness.  This  quartzite  is  a 
persistent  stratum  and  is  found  immediately 
underlying  the  Martin  limestone,  which  carries 
Devonian  fossils.  Its  thickness,  however,  is 
variable,  and  in  places  it  grades  downward  into 
the  upper  sandy  limestones  of  the  Abrigo 
formation. 

Analyses  of  two  specimens  of  the  Abrigo 
limestone  are  given  below : 

Partial  chemical  analyses  of  Abrigo  limestone. 
[W.  F.  Hillebrand,  analyst.] 


a  Includes  TiO|  and  PfOt  if  present. 
b  Calculated  as  FeiOs. 
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These  analyses  show  that  the  different  beds 
vary  considerably  in  the  ratio  of  lime  to 
magnesia. 

The  oldest  marine  fossils  in  this  region  are 
found  in  the  Abiigo  formation  and  include 
trilobites,  linguloid  brachiopods,  pteropods, 
and  other  early  forms.  The  fossils  collected 
from  this  formation  were  submitted  to  Dr. 
Charles  D.  Walcott,  who  reported  that  they  are 
Middle  Cambrian. 

In  the  Mount  Martin  section  the  Martin 
limestone,  carrying  a  Devonian  fauna,  overlies 
the  Abrigo  in  apparent  conformity.  Its  aver- 
age thickness  at  Bisbee  is  about  325  feet. 
The  beds  most  characteristic  of  the  Martin  for- 
mation are  dark-gray  hard,  compact  limestones 
which  are  generally  well  provided  with  fossils. 
Small  brachiopods  of  roimded  outline  (Atrypa 
reticularis  and  Spirifer  liungerfordi)  are  par- 
ticularly abundant  in  some  of  the  beds  and 
give  to  the  weathered  surfaces  of  the  lime- 
stone a  nodular  appearance  which  in  the  Bis- 
bee quadrangle  is  peculiar  to  the  Martin  for- 
mation. A  few  of  the  beds  are  rich  in  corals, 
some  of  which  weather  out  as  distinct  and  in 
places  weU-silicified  fossils,  while  others  pro- 
duce rather  ill-defined  white  dendritic  blotches 
in  the  dark  limestone. 

Associated  with  the  preponderant  dark  lime- 
stones here  and  there  are  beds  of  lighter  hue 
and  some  calcareous  shales  of  a  decided  pink- 
ish tint.  These  shales,  which  flake  and  cnmi- 
ble  on  exposure,  are  well  exposed  in  the  saddle 
just  northeast  of  Mount  Martin,  where  they 
carry  abimdant  characteristic  Devonian  fos- 
sils. They  occiu:  also  in  several  of  the  other 
areas  of  the  Martin  limestone,  particidarly  on 
the  southwest  slopes  of  Escabrosa  Ridge,  but 
owing  to  their  softness  they  are  generally  in- 
conspicuous except  where  they  are  revealed  by 
prospecting  pits  and  tunnels.  They  belong  in 
the  lower  half  of  the  formation. 

The  upper  limit  of  the  Martin  limestone  is 
not  everywhere  sharply  defined.  In  general  it 
corresponds  to  the  decided  change  from  the 
dark  compact  limestones  characteristic  of  this 
formation  to  the  nearly  white  granular  lime- 
stones, made  up  largely  of  crinoid  stems,  which 
characterize  the  Escabrosa  formation.  The 
actual  plane  of  division,  however,  is  rarely  visi- 
ble, owing  to  the  tendency  of  the  Escabrosa 
limestone  to  form  cliffs  and  the  consequent  ac- 
cumulation of  talus  over  the  contact.     Even 


where  no  detritus  conceals  the  relation  of  the 
two  formations,  there  may  be  an  intermediate 
zone  10  to  20  feet  in  thickness  which  contains 
no  characteristic  fossils  and  which  it  is  impos- 
sible to  assign  with  confidence,  on  purely  litho- 
logic  groimds,  either  to  the  Martin  or  Esca- 
brosa limestones. 

The  beds  of  the  Martin  limestone  are  usually 
less  than  4  feet  in  thickness.  They  are  thicker, 
on  the  whole,  than  those  of  the  underlying 
Abrigo  limestone,  but  thinner  than  those  of 
the  overlying  Escabrosa  limestone. 

Chemically,  the  typical  dark  limestone  of 
the  Martin  formation  is  a  fairly  pure  calcium 
carbonate,  containing  a  little  silica  but  prac- 
tically no  magnesia. 

The  following  species  from  the  Martin  lime- 
stone, collected  in  the  course  of  the  study  of 
the  Bisbee  quadrangle  in  1902,  were  identified 
by  Prof.  H.  S.  Williams: 

Acervularia  davidaoni  (Miliie>Ed wards  and  Haime). 

Pachyphyllum  woodmani  (White). 

Cladopora  prolifica  (Hall  aad  Whitfield). 

Stromatopora  enatica  (Hall). 

Cyathophyllum  csMpitoeum  (Goldfuas). 

Atiypa  reticularis  (Linn^). 

Cyrtia  cyrtiniformiB  (Hall  and  Whitfield). 

Dielasma  calvini  (Hall  and  Whitfield). 

Schizophoria  striatula  (Schlotheiin). 

Productella  specioea  Hall. 

Delthyrifl  consobrina  (D*Orbigny). 

Spirifer  cf.  S.  jeremejevi  (TschemyBchew). 

Spirifer  hung^ordi  Hall. 

Spirifer  oreetes  Hall  and  Whitfield. 

Spirifer  cf .  S.  euryteinee  Owen  (small  specimen). 

Spirifer  whitneyi  Hall. 

Stropheodonta  demiasa  (Conrad). 

Stropheodonta  (fragilis)  perplana  (Hall). 

Strophonella  cselata  Hall. 

The  following  specimens  were  too  imperfect 
for  specific  determination: 

Coral,  several  species. 

Crinoid  stem. 

Bryozoa. 

Terebratula?  (small). 

Minute  brachiopod  (7). 

Loxonema. 

Platvceras. 

Pleurotomaria. 

Bellerophon. 

Leperditia. 

Mr.  Williams  concluded  that  the  fauna  of  the 
Martin  limestone  is  Meso-Devonian,  although 
he  regarded  it  as  having  close  aflBnities  with 
the  Neo-Devonian  f  aima  of  New  York.* 


See  extended  note  In  C.  8.  Geol.  Survey  Prof.  Paper  21,  pp.  35-43,  IWL 
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Overlying  the  Martin  limestone  at  Bisbee  is 
the  Escabrosa  limestone,  made  up  generally  of 
rather  thick-bedded,  nearly  white  to  dark 
gray  granular  limestones,  which  on  close  exami- 
nation are  seen  to  be  made  up  very  largely  of 
fragments  of  crinoid  stems.  Near  the  base  the 
individual  beds  are  commonly  10  or  15  feet  in 
thickness,  but  above  the  first  100  feet  thick- 
nesses of  1  to  5  feet  are  the  rule,  though  there 
are  a  few  more  massive  beds.  The  formation 
as  a  whole  is  a  pure  nonmagnesian  limestone, 
containing  practically  no  arenaceous  sediments 
and  only  scattered  irregular  bunches  and 
nodules  of  chert,  usually  in  its  upper  part. 

Fossils  occur  at  many  horizons  from  the  bot- 
tom to  the  top  of  the  formation,  but,  with  the 
exception  of  small  scattered  corals  and  the 
abundant  fragments  of  crinoid  stems,  they  are 
rarely  conspicuous  and  as  a  rule  do  not  appear 
on  weathered  surfaces  of  the  limestone.  The 
general  appearance  of  the  Escabrosa  formation 
is  white  or  light  gray,  but  some  dark-gray  beds 
occur,  particularly  near  the  top. 

The  fossils  collected  from  the  Escabrosa 
limestone  were  submitted  to  George  H.  Girty, 
who  reported  ^  that  they  probably  represent 
the  earlier  half  of  Mississippian  time,  including 
the  Eonderhook  and  Osage  divisions.  The 
following  are  some  of  the  characteristic  species 
listed  by  him,  with  his  comment: 

Menophyllum  excavatum  Girty. 
Syringopora  aculeata  Girty. 
Rhipidomella  thiemei  White. 
Rhipidomella  michelina  L'Eveill^. 
Leptsena  analoga  Phillips. 
Schuchertella  inequalifl  Hall. 
Chonetes  loganensis  Hall  and  Whitfield. 
Productus  ovatufl  Hall. 
Ftoductiifl  semiieticulatia  var. 
Spirifer  centronatus  Winchell. 
Spirifer  mysticensifl  Meek. 
Biachythyrifl  cf.  B.  peculiarifl  Shumard. 
Reticularia  pseudolineata  Hall? 
Syringothyrifl  carter  i  Hall. 
AthyrJB  lamellosa  L'Eveill^. 
Eumetria  marcyi  Shumard. 
Pemopecten  shiunardanuB  Winchell. 
Myalina  keokuk  Hall. 
Phanerotinufi  paradoxus  Winchell. 
Euomphalus  luxus  White. 
Platyceras  sp. 
Phillipsia  peroccidens  Hall  and  Whitfield. 

Associated  with  some  of  the  species  in  the  above  list  were 
found  others  which  probably  indicate  a  slightly  higher 
horizon  than  the  Osage — in  other  words,  one  in  the  Mera- 

1  Ransome,  F.  L.,  U.  S.  G«oL  Sonrey  FzoL  Paper  21,  pp.  4«-64, 1004. 


mec  group.  There  are  such  forms  as  Lithostrotion  sp., 
Meekopora  sp.,  Archimedes  sp.,  Pustula  cf.  P.  bi$mata, 
and  Spirifer  cf.  S.  tenuicostata.  On  the  other  hand,  no 
fossils  of  a  well-marked  Chester  type  have  been  found,  so 
that  so  far  as  the  evidence  at  hand  is  concerned  the  upper 
Mississippian  is  missing.  It  is  also  true  that  many  of  the 
striking  Osage  forms  have  not  been  found — for  example, 
Sckizophoria  swallowi,  Orihotetes  keohukf  Spirifer  grimesi, 
and  Spvrifer  logani— nor  the  wealth  of  crinoids  which 
characterize  this  horizon  in  certain  areas  in  the  Mississippi 
Valley.  I  am  disposed  to  regard  the  absence  of  these 
Osage  forms  as  due  to  local  conditions  but  also  to  believe 
that  upper  Mississippian  time  is  reaUy  in  large  part  un- 
represented. 

Measurements  of  the  thicknesses  of  the  Es- 
cabrosa limestone  in  different  parts  of  the  Bis- 
bee quadrangle  varied  from  600  to  800  feet, 
the  upper  limit  of  the  formation  being  difficult 
to  determine  with  precision.  The  average 
thickness  is  taken  as  700  feet. 

The  Naco  limestone,  which  overlies  the 
Escabrosa  conformably  and  with  no  distinct 
lithologic  change,  is  made  up  chiefly  of  light-col- 
ored beds,  which  consist  essentially  of  calcium 
carbonate.  The  beds  range  in  thickness  from 
a  few  inches  to  10  feet  but  are  usually  thinner 
than  those  of  the  Escabrosa  limestone.  They 
differ  from  the  latter  also  in  texture,  the  typical 
Naco  limestone  being  compact  and  nearly 
aphanitic,  ringing  under  the  hammer,  and 
breaking  with  a  splintery  fracture,  whereas 
the  Escabrosa  limestone  is  usually  more  gran- 
ular and  crystalline  and  crumbles  more  readily 
when  struck.  There  are,  however,  exceptions 
to  this  rule,  dense  aphanitic  beds  occurring 
here  and  there  in  the  Escabrosa  formation  and 
granular  crinoidal  beds  being  not  imcommon  in 
the  Naco  limestone. 

Fossils,  particularly  brachiopods,  are  much 
more  abundant  in  the  Naco  than  in  the  Esca- 
brosa limestone,  and  in  some  places  they  make 
up  a  considerable  part  of  individual  beds  and 
weather  out  conspicuously  upon  exposed  sur- 
faces. 

While  the  greater  part  of  the  3,000  feet  or 
more  of  the  Naco  formation  is  made  up  of 
fairly  pure  gray  limestone,  oertain  thin  beds 
of  a  faint-pink  tint  occur  at  different  horizons 
and  are  often  a  useful  means  of  distinguish- 
ing the  Naco  from  the  Escabrosa  limestone. 
These  pink  rocks,  which  weathering  usually 
shows  to  have  an  inherent  lamellar  or  shaly 
structure,  are  very  fine  grained  and  compact 
in  texture.  They  effervesce  freely  with  cold 
dilute  acid  and  are  evidently  composed  chiefly 
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of  calcium  carbonate.  Examination  of  nat- 
ural surfaces  with  a  lens,  however,  shows  the 
presence  of  minute  quartz  grains  and  tiny 
flakes  of  mica.  Chert  is  not  uncommon  in  the 
Naco  formation;  it  occurs  as  irregular  bunches 
and  nodules  in  beds  of  otherwise  pure  lime- 
stone or  as  the  result  of  the  silicification  of  thin 
fossiliferous  beds  throughout  their  thickness. 
It  is  also  particularly  abundant  along  and  near 
zones  of  Assuring  and  faulting. 

According  to  Mr.  Girty  the  fossils  from  the 
Naco  limestone  belong  to  two  groups,  one  rep- 
resenting early  and  the  other  later  Pennsylva- 
nian  time.  The  earlier  fauna  include  the  fol- 
lowing: 

Fumilina  cylindrica  Fischer  de  Waldheim. 

GhsetetesmiUeporaceuBMilne-Eiwaidfl  andHaime. 

Derbya  crasaa  Meek  and  Hayden. 

Productus  semireticulatus  Martm. 

Productus  cora  D*Orbigny. 

PioductuB  coloradoenais  Girty. 

Pufltula  nebraskenfiis  Owen. 

Poetula  semipunctata  Shepard. 

Maiginifera  wabaahensis  Norwood  and  Pratten. 

Spirifer  rockymontanus  Macou. 

Spirifer  cameratus  Morton. 

Squamularia  perplexa  McChesney. 

Spiriferina  kentuckyenBis  Shumard. 

Compoeita  subtilita  HaU. 

Hustedia  mormon!  Marcou. 

Dielasma  bovidens  Morton. 

Phillipaia  major  Shumard. 

The  later  fauna  contains  many  species  not 
yet  described.  The  following  forms  have  been 
discriminated: 

FuBulina  cylindrica  Fischer  de  Waldheim. 

Michelinia?  ep. 

Lophophyllum  cf.  L.  profundum  Milne-Edwards 

and  Haime. 
Echinocrinus,  eeveral  sp. 
Productus,  semireticulatus  type. 
Poetula  cf .  P.  norwoodi  Swallow. 
Marginiferacf .  M.  wabaahensis  Norwood  and  Pratten. 
Martinia  sp. 

Composita  subtilita  Hall. 
Plagioglypta  cf.  P.  canna  White. 
Worthenia  sp. 
Murchisonia?,  several  sp. 
Euomphalus  sp. 
Omphalotrochus,  several  sp. 
Gyclonema  sp. 
Orthonema  sp. 
Sphserodoma  sp. 

Bellerophon  cf.  B.  crassus  Meek  and  Worthen. 
Euphemus  sp. 

This  f aima,  according  to  Mr.  Girty,  is  closely 
related  to  that  of  the  limestones  of  the  Hueco 
Mountains,  in  western  Texas. 


From  the  preceding  descriptions  it  appears 
that  Paleozoic  time  is  represented  in  the 
Bisbee  quadrangle  by  beds  having  a  total 
thickness  of  a  little  over  5,000  feet.  Of  these 
the  lower  beds,  430  feet  thick,  are  quartzites 
and  the  remaining  4,570  feet  of  beds  are  so 
predominantly  calcareoiis  that  they  may  be 
collectively  designated  limestones.  The  Penn- 
sylvanian  series  is  represented  by  at  least  3,000 
feet  of  strata  (the  Naco  limestone),  but  only 
340  feet  (the  Martin  limestone)  can  be  assigned 
to  the  Devonian,  and  the  Silurian  and  Ordo- 
vician  appear  to  be  wholly  without  strati- 
graphic  representation. 

TOMBSTONE  GEOLOGIC  SECTION. 

The  Paleozoic  section  at  Tombstone  closely 
resembles  that  at  Bisbee.  The  Bolsa  quartz- 
ite  has  about  the  same  thickness  and  char- 
acter. The  Abrigo  limestone  is  70  feet  thinner 
than  at  Bisbee,  and  the  bed  of  quartzite  at  its 
top  also  appears  to  be  a  little  thinner  than  it  is  in 
the  region  to  the  south.  The  Martin  limestone 
has  a  larger  proportion  of  shale  at  Tombstone 
than  at  Bisbee,  but  contains  similar  coral- 
bearing  beds  and  the  fauna,  according  to  Dr. 
E.  M.  Kindle,  is  the  same  as  that  of  the  Martin 
limestone  at  the  type  locality.  The  beds  at 
Tombstone  maintain  the  same  total  thickness, 
340  feet,  as  at  Bisbee. 

The  Mississippian  division  of  the  Carbonif- 
erous is  approximately  500  feet  thick  at  Tomb- 
stone, as  against  700  feet  at  Bisbee,  but  owing  to 
the  lack  of  any  plane  of  lithologic  distinction  be- 
tween the  Mississippian  and  the  Pennsylvanian 
in  this  region  these  figures  are  not  very  reliable. 

The  Pennsylvanian  (Naco)  is  well  repre- 
sented at  Tombstone  and  consists  almost  ex- 
clusively of  limestone.  Of  the  fossils  collected 
from  the  Naco  Umestone  in  the  Tombstone 
district  George  H.  Girty  writes: 

The  Pemisylvaman  lots  exhibit  two  faunal  types  which 
I  understand  occupy  relatively  higher  and  lower  positions 
in  the  section.  In  the  most  characteristic  lot  of  the  upper 
horizon  I  recognized  the  following  species: 

Echinocrinus  sp. 

Productus  ivesi  Newberry. 

Composita  subtilita  Hall. 

Deltopecten  vanvleeti  Beede. 

Pleurotomaria?  sp. 

Bellerophon  aff.  B.  stevensianus  McChesney. 

Euphemus  sp. 

Omphalotrochus  obtusispira?  Shumard. 

Trochus?  sp. 

Orthonema  socorroense  Girty. 
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The  other  lots  add  several  species  to  this  fauna,  espe- 
cially one  or  two  large  species  of  Schizostoma,  a  large  Bel- 
lerophon,  possibly  B.  majusculiUj  and  a  Murchisonia  re- 
sembling M.  terebra. 

These  two  Pennsylvanian  faunas  bear  a  close  relation- 
ship to  the  faunas  of  the  Magdalena  limestone  and  Man- 
zano  group  of  New  Mexico,  and  it  seems  highly  probable 
that  the  upper  Naco  limestone  will  correlate  with  the 
Manzano  and  the  lower  Naco  with  the  Magdalena. 

The  fauna  of  the  upper  Naco  is  also  related  to  a  fauna 
found  in  the  middle  or  upper  part  of  the  Hueco  limestone. 
The  lower  Hueco  fauna,  while  resembling  in  some  respects 
that  of  the  lower  Naco,  contains  a  good  many  species  not 
yet  found  in  the  latter,  and  I  am  unable  to  state  whether 
we  have  merely  the  same  fauna  with  regional  modifica- 
tions or  two  faunas,  one  of  which  is  older  than  the  other. 
I  rather  incline  to  the  former  belief. 

The  thickness  of  the  Naco  formation  at 
Tombstone  has  not  been  measured,  but  proba- 
bly amoimts  to  several  hundred  feet.  The 
limestone  was  extensively  eroded  before  the 
deposition  of  the  Mesozoic  beds  that  uncon- 
formably  overUe  it  in  part. 

CLIFTON  GEOLOGIC  SECTION. 

At  Clif  touj  90  miles  east-southeast  of  Globe,^ 
about  1,500  feet  of  apparently  conformable 
Paleozoic  beds  rest  imconformably  on  Pinal 
schist  and  coarse  red  granite.  At  the  bottom 
of  the  stratigraphic  column  is  the  Coronado 
quartzite,  200  feet  thick,  with  a  layer  of  con- 
glomerate at  its  base  as  much  as  50  feet  thick. 
A  section  of  the  quartzite  southwest  of  Morenci 
is  described  by  lindgren'  as  follows: 

Section  of  Coronado  quartzite. 

White  quartzitic  sandstone 50 

Banded  pink  and  maroon  quartzitic  sandstone,  form- 
ing precipitous  bluff 162 

Quartzitic  conglomerate 10 

Sandstone 3 

Quartzitic  conglomerate  (pebbles  1  inch  in  diameter) .  8 

Coarse  sandstone  (base) 10 


243 

Above  the  Coronado  quartzite  lies  the 
Longfellow  limestone,  200  to  400  feet  thick, 
which  consists  of  cherty  limestone  in  the 
upper  part  grading  downward  into  shaly  beds 
near  the  base.  One  of  the  sections  given  is  as 
follows : 

1  Lind^en,  Waldemar,  The  copper  deposits  of  the  Clifton-Morencl 
district,  Ariz.:  U.  8.  Geol.  Survey  Prof.  Paper  43, 1905.  See  also  U.  S. 
Geol  Survey  Oeol.  Atlas,  Clifton  foUo  (No.  129),  1906. 

s  Op.  cit.  (Prof.  Paper  43),  p.  60. 


Section  of  L&ngfellow  limestone  one-fourth  mile  »outh  of 

Modoc  Peak.  „   ^ 

Feet. 

Buff  limestone 15 

Quartzitic  sandstone 10 

Bluff  of  brownish-gray  cherty  limestone 140 

Shaly  limestone 90 

Coarse  gray  sandstone 10 

Sandy  and  shaly  limestone  (base) 115 
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Fossils  are  scarce  in  the  Longfellow  lime- 
stone. In  the  lower  shaly  part  were  found  a 
few  smaU  lingulas  and  other  forms  that,  while 
insuflBcient  for  a  certain  determination  of  age, 
were  regarded  by  Dr.  C.  D.  Walcott  as  in- 
dicating probably  the  uppermost  part  of  the 
Cambrian.  Near  the  top  of  the  formation 
were  found  gastropods  and  fragments  of  tri- 
lobites  which  E.  O.  Ulrich  determined  as  early 
Ordovician.^  Lindgren  places  the  Coronado 
quartzite  in  the  Cambrian  and  the  Longfellow 
limestone  in  the  Ordovician.' 

Resting  upon  the  Longfellow  limestone  is 
the  Morenci  shale,  consisting  of  a  lower  divi- 
sion of  compact  argillaceous  limestone  75  feet 
thick  and  an  upper  division  of  dark  clay  shale 
about  100  feet  thick.  A  few  fossils  were  found 
in  the  lower  division  and  were  referred  pro- 
visionally by  IProt.  H.  S.  Williams  to  the 
Devonian.* 

Overlying  the  Morenci  formation  is  the 
Modoc  limestone,  180  feet  thick,  of  Mississip- 
pian  age.*  North  of  the  exposures  of  the  Modoc 
limestone  and  not  in  contact  with  it  is  a  lime- 
stone formation  500  feet  thick  which  Lindgren 
has  called  the  Tule  Spring  limestone.  It  carries 
both  Mississippian  and  Pennsylvanian  fossils, 
and  the  lower  200  feet  of  the  formation  is  re- 
garded by  Lindgren  as  in  a  general  way  equiva- 
lent to  the  Modoc  limestone.  The  Tide  Spring 
limestone  is  limited  above  by  the  pre-Cretaceous 
unconformity. 

ROOSEVELT  GEOLOGIC  SECTION. 

The  goi^e  through  which  Salt  River,  after 
passing  the  Roosevelt  dam,  traverses  the  south 
end  of  the  Mazatzal  Range  (see  PL  XXXI), 
affords  an  excellent  section  of  the  beds  from 
the  Mississippian  down  to  the  granite.     This 

»  Op.  cit.  (Prof.  Paper  43),  p.  65. 

<  Idem,  p.  59. 

« Idem,  p.  69. 

4  Idem,  p.  72  (list  of  fossils). 
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exposure  has  been  very  briefly  noted  by  Lee,' 
wbose  diagrammatic  section  of  the  beds  is  re- 
produced here  as  figure  11.  The  explanatory 
lettering  that  evidently  was  intended  to  accom- 
pany the  diagram  was  inadvertently  omitted 
from  Mr.  Lee's  paper,  but  the  bed  marked  1 
is  obviously  Quaternary  material,  2  is  intended 
for  Carboniferous  limestone,  3  is  the  Troy 
quartzite,  4  is  the  Mescal  limestone,  5  is  the 
Dripping  Spring  quartzite  with  the  Barnes 
conglomerate  at  its  base,  6  and  9  correspond 
to  the  Pioneer  formation,  and  10  is  the  Scanlan 
conglomerate.  The  numerals  7  and  8  desig- 
nate a  thick  sill  of  diabase  in  which  the  tlun 
layer  (sbelet)  is  probably  not  so  persistent  as 
is  indicated,  and  11  is  coarse  pre-Cambriau 
granite.    Lee*  cites  a  personal  communica^ 


Its  dip  is  35°  NE.  The  pebbles,  unlike  those 
in  the  typical  Scanlan  conglomerate  of  the 
Ray  section,  are  well  rounded  and  are  as  much 
as  9  inches  in  diameter.  They  are  composed 
of  white  quartz,  brown  fine-gnuned  vitreous 
quartzite,  and  a  little  red  jasper.  They  lie 
close  together  in  a  matrix  of  dull  red-brown 
coarse  sandstone.  On  the  whole,  the  con- 
glomerate locally  resembles  the  typical  Bamee 
conglomerate  of  the  Ray  quadrangle  more 
than  it  does  the  Scanlan  conglomerate  of  the 
same  area,  of  which,  however,  it  is  imdoubt- 
edly  the  stratigraphic  equivalent. 

The  Scanlan  conglomerate  is  conformably 
overlain  by  rather  coarse  brown  cross-bedded 
arkosic  sandstone,  flecked  with  small  light 
spots,  like  those  in  the  typical  Pioneer  shale. 


TMintl  11.— Svctkm  thiOTcb  Salt  RItct  gi 


g  neu  Roonvell,  Arli.,  looking  northwest.    l-Ktttr  W.  T.  Lm.)   Beete 


tion  from  Dr.  C.  D.  Walcott  to  the  effect  that 
"  the  Carboniferous  limestones  rest  directly 
and  unconformably  upon  the  quartzites  and 
aigilUtes  of  the  Algontdan"  and  agrees  that  all 
the  beds  below  the  supposed  unconformity 
(which  he  did  nolthimself  see*)  are  Algonkian. 
The  base  of  the  sedimentary  series  is  ex- 
posed about  half  a  mile  downstream  from  the 
dam,  where  the  Scanlan  conglomerate,  here 
30  feet  thick,  rests  on  an  erosion  surface  of 
coarse  red  granite.  This  color  is  the  result  of 
pre-Cambrien  weathering,  and  is  character- 
istic of  this  old  surface  throughout  central 
Arizona.  The  red  tint  generally  fades  to  gray 
a  short  distance  from  the  contact.  The  sur- 
face shows  gentle  undulations,  and  the  con- 
glomerate is  probably  variable  in   thickness. 


1  Lee,  W.  T.,  Undergnraid  waiera  ol  Salt  RIvervalley,  Aril.; 
OmI.  enrvej  Water-Supply  P^er  IM,  ff.  W-W,  IMS. 

*Idem,  p.tt. 

>  Oral  oonunuujcatiou. 


and  containing  a  few  small  pebbles.  The  lowest 
three  beds  of  this  sandstone  are  each  about  10 
feet  thick  and  are  separated  by  partings  of 
maroon  shale.  Above  them  both  the  sand- 
stone beds  and  the  layers  of  shale  become 
thicker  for  about  140  feet,  to  llie  base  of  a 
great  diabase  sill,  probably  700  to  800  feet 
thick.  Despite  the  size  of  this  mtrusion  the 
shales  above  and  below  it  show  no  metamor- 
phism  other  than  slight  baking  and  hardening. 
Above  the  diabase  lies  about  100  feet  of  typical 
spotted  maroon  Pioneer  shale. 

The  shale  is  overlain  by  the  Barnes  con- 
glomerate. The  pebbles  are  smaller  than 
those  in  the  typical  conglomerate  of  the 
Globe-Ray  region,  most  of  them  being  less  than 
4  inches  in  diameter,  and  there  is  a  rathw  laige 
proportion  of  sandy  matrix.  As  exposed  in  the 
cliffs,  high  above  the  river,  the  Bamesconglom- 
erate  appears  to  be  rather  better  developed 
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than  in  the  roadside  exposure  studied,  where 
its  thickness  is  from  15  to  20  feet. 

Overlying  the  Barnes  conglomerate  is  the 
Dripping  Spring  quartzite,  which  has  an  esti- 
mated thickness  of  500  to  600  feet.  For  about 
140  feet  above  its  base  the  banded  reddish- 
brown  quartzite  is  separated  rather  indistinctly 
by  thin  partings  of  dark-red  shale  into  beds  10 
feet  or  less  in  thickness.  Above  this  zone  the 
beds  are  thinner  and  show  some  faint  cross- 
bedding.  The  upper  180  feet  of  the  formation 
consists  of  thinly  laminated  striped  dull-red 
and  black  quartzite,  which  as  a  rule  forms  a 
cliflf.  The  cliff  dwellings  of  the  Tonto  National 
Monmnent,  about  4  miles  southeast  of  the  dam, 
are  in  these  upper  beds.  So  far  as  seen  the 
Dripping  Spring  quartzite  at  Hoosevelt,  as  well 
as  near  Ray,  is  free  from  pebbles. 

On  top  of  the  Drippmg  Spring  quartzite  is  the 
Mescal  limestone,  which  is  very  well  exposed  at 
Roosevelt,  especially  along  the  Phoenix  road 
from  the  dam  to  a  point  about  100  yards  beyond 
the  first  sharp  turn  to  the  east.  The  beds  dip 
25®  NE.,  and  the  plane  of  contact  between  the 
Dripping  Spring  quartzite  and  the  Mescal  lime- 
stone, if  projected  across  the  gorge,  would  in- 
tersect the  dam  about  halfway  between  the  top 
and  the  bottom. 

The  Mescal  near  the  Roosevelt  dam  consists 
of  hard  dolomitic  cherty  limestone  in  beds  that 
are  for  the  most  part  less  than  2  feet  thick,  with 
little  or  no  shaly  material.  The  roughly  par- 
allel but  wavy  and  irregular  layers  of  chert  so 
characteristic  of  the  formation  farther  south 
are  equally  conspicuous  near  Roosevelt  in 
weathered  exposures  transverse  to  the  bedding 
planes.  The  general  color  of  the  formation  is 
darker  than  at  Ray,  and  the  chert  bands  near 
the  base  are  black  and  flinty.  On  fresh  frac- 
tures the  Mescal  limestone  is  gray,  pink,  or 
yellow.  The  local  thickness  of  the  formation 
is  about  300  feet.  Overlying  the  limestone,  as 
at  Ray,  is  a  flow  of  rusty  basalt,  from  40  to  60 
feet  thick,  as  exposed  near  the  east  end  of  the 
dam,  and  vesicular  both  at  top  and  bottom. 

Overlying  the  basalt  flow  is  the  local  equiva- 
lent of  the  Troy  quartzite,  which  here  may  be 
more  appropriately  called  the  Troy  sandstone. 
As  exposed  along  the  road  between  the  dam 
and  the  cement  quarry,  this  formation  is  made 
up  as  follows: 


Section  of  Troy  sandsUme. 

Feet. 

3.  Croes-bedded  pebbly  aandiitone.  Lower  beda  maa- 
sive  and  weathering  dark  reddish  brown.  Lower 
maasive  bed  near  dam  beautifully  striped  in  red 
and  gray.  Upper  beds  thinner,  mostly  under  2 
feet,  with  calcareous  cement 100 

2.  Cross-bedded  pebbly  sandstone,  with  layers  of 
brown,  micaceous  sandy  shale 40 

1.  Dark-brown  shale  grading  upward  by  interbedding 

into  sandstone 20 

Base. 

The  Troy  sandstone  at  Roosevelt  is  much 
thinner,  therefore,  than  in  the  Ray-Globe 
region. 

Overlying  the  Troy  with  no  conspicuous 
difiference  in  general  appearance  is  a  series  of 
generally  rather  thin-bedded  limestones  and 
sandstones  or  quartzites.  The  lower  beds  are 
very  compact  gray  limestones,  which  are  suc- 
ceeded by  impiu'e  sandy  limestones  inter- 
bedded  with  calcareous  sandstones  and  some 
quartzite.  The  topmost  bed  is  shale  which 
weathers  to  thin  yellow  flakes  and  is  con- 
sidered to  be  lithologically  and  stratigraphic- 
ally  identical  with  the  yellow  shale  that  is 
believed  to  mark  the  top  of  the  Devonian  in 
the  Ray-Globe  region.  The  formation  as  a 
whole  is  more  sandy  than  the  Martin  lime- 
stone of  the  Ray  quadrangle  and  is  less 
fossiliferous.  A  few  fossils  were  collected  in 
1912  from  the  top  of  the  sharp  hiU  just  east 
of  the  dam  and  south  of  the  cement  quarry, 
but  Dr.  Kindle  found  that  only  one  species, 
probably  Schizophoria  striatula  (Schlotheim), 
is  represented.  He  writes,  in  a  personal 
letter: 

Before  offering  a  final  opinion  as  to  the  age  of  the  fauna 
represented  by  this  shell  I  would  like  to  see  another 
collection,  including  other  species.  I  am  inclined  pro- 
visionally to  refer  the  beds  represented  by  this  single 
species  to  the  Devonian. 

The  locality  was  again  visited  in  1QX4  and 
additional  fossils  were  collected.  Edwin 
Kirk,  of  the  United  States  Geological  Survey, 
to  whom  they  were  submitted,  lists  them  as 
foUows: 

Cladopora  sp. 

Schizophoria  stratula  var.  austraUs  Kindle. 

Schuchertella  sp. 

Camarotcechia  contracta  Ilall  (?). 

OamarotCBchia  sp. 

Spirifer  whitneyi  var.  animasensis  (Girty). 

Modiomorpha  ep. 
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Mr.  Kirk  remarks  that  this  fauna  can  be 
correlated  with  that  of  the  Martin  limestone 
of  Bisbee  and  that  of  the  Ouray  limestone  of 
Colorado.  He  states  that  there  can  be  no 
doubt  of  the  Devonian  age  of  the  material. 

No  measurement  of  the  Devonian  near 
Roosevelt  was  made,  but  the  thickness  is  esti- 
mated roughly  at  300  feet. 

Overlying  the  yellow  shale  at  the  top  of  the 
Devonian  beds  is  the  light-gray  pure  and  com- 
paratively massive  Carboniferous  limestone. 
This  is  the  rock  that  was  quarried  for  cement 
during  the  construction  of  the  dam.  It  forms 
the  little  knoll  northwest  of  the  dam  on  which 
stands  the  hotel.  Fossils  were  collected  by 
W.  T.  Lee  from  the  limestone  near  Roose- 
velt and  from  Windy  Hill,  about  5  miles  east 
of  the  dam.  G.  H.  Girty,*  to  whom  they  were 
referred,  identified  the  fauna  as  early  Mississip- 
pian  and  lists  the  following  forms: 

Zaphrentis  sp. 

Menophyllum  excavatum  Girty. 
Cyathophyllum  sp. 
Syringopora  "urcularia  Girty. 
Syringopora  aculeata  Girty. 
Leptopora  typa  Winchell. 
Crinoidal  fragments. 
Rhipidomella  sp. 
Schuchertella  insBqualiB  Hall. 
ProductiiB  ovatus  Hall. 
Gamarotoechia  metallica  White. 
Spirifer  centronatus  Winchell. 
Spirifer  sp. 
Platyceras  sp. 
Bellerophon  sp. 
Composita  hnmilis? 
Fish  tooth. 

It  appears  from  the  foregoing  description  that 
the  stratigraphic  column  at  Roosevelt  is  com- 
posed of  the  same  formational  imits  as  that  of 
the  Globe-Ray  region  and  that  the  Mississip- 
pian  limestone  lies  conformably  on  the 
Devonian. 

CANYON  CREEK  GEOLOGIC  SECTION. 

The  region  adjacent  to  Fort  Apache,  north- 
east of  Roosevelt,  received  some  attention 
from  the  geologists  of  the  Wheeler  Survey' 
and  was  later  described  by  Reagan.^  Marvine 
at  least,  in  his  trip  from  Fort  Apache  to  the 
Gila  Valley,  imdoubtedly  saw  the  two  quartz- 

1  Lee,  W.  T.,  Underground  waters  of  Salt  River  Talley,  Ark.:  U.  8. 
Geol.  Survey  Water-Supply  Paper  136,  pp.  97-98, 1905. 

s  GObert,  O.  K.,  U.  S.  Qeol.  Surveys  W.  lOOth  Mer.  Rept.,  vol.  8,  pp. 
163-166, 1875.    Marvine,  A.  R.,  idem,  pp.  215-226. 

*  Reagan,  A.  B.,  Oeology  of  the  Fort  Apacbe  region  in  AriEona:  Am. 
Geologist,  Yd.  32,  pp.  265-308, 1903. 


ites  that  have  since  been  called  the  Dripping 
Spring  and  Troy  quartzites,  but  he  refers  all 
exposures  of  both  to  the  *'Tonto  sandstone." 
Gilbert  also  applies  the  same  name  to  all  the 
arenaceous  rocks  below  the  Redwall  limestone, 
but  it  is  possible  that  he  had  only  distant 
views  of  the  Dripping  Sprmg  quartzite,  which 
apparently  does  not  appear  in  the  plateau 
escarpment.  Reagan  describes  a  number  of 
stratigraphic  sections  and  notes  certain  sedi- 
ments as  being  unconformable  under  the 
'*Tonto  sandstone''  and  therefore  of  Algonkian 
age.  These  older  rocks  probably  include  the 
Pioneer  shale,  but  how  much  more  is  not  clear 
from  his  descriptions.  Neither  is  it  clear  that 
he  has  in  all  places  applied  the  name  ''Tonto 
sandstone''  to  the  same  formation.  Attempts 
to  identify  in  his  published  sections  the  forma- 
tions discriminated  in  the  Roosevelt  and  Grand 
Canyon  sections  have  met  with  little  success. 
One  of  Gilbert's  sections  (No.  IX,  Aubrey 
Cliff,  at  Canyon  Creek)  interpreted  in  the  light 
of  present  knowledge  of  Arizona  stratigraphy 
is  given  in  the  correlation  chart  of  Plate  XXV 
(p.  1 36) .    The  original  description  is  as  follows : 

1.  Coarse  uncemented  gravel,  of  quartzite  and    Feet. 

gneiss  bowlders 20 

2.  Massive  cross-bedded  yellow  sandstone 525 

3.  Compact  gray  limestone;  Spirifer  cameratus. . .  65 

4.  Bed  and  purple  sandstone,  soft  at  top,  massive 

below 500 

5.  Alternation  of  gray  limestone  and  red  shale: 

a.  Limestone,  5  feet. 

6.  Unseen;  shale  (?),  100  feet.  ;\ 

c.  Limestone,  Athyria  mbtilita^  10  feet. 

d.  Bed  calcareous  sandstone,  4  feet. 
€.  Shale,  40  feet. 

/.  Limestone,  4  feet.  \    325 

g.  Unseen;  shale  (?),  25  feet. 
h,  MasBive  limestone,  10  feet. 
i.  Unseen;  shale  (?),  75  feet, 
j.  Limestone,  2  feet. 
h.  Unseen;  shale  (?),  50  feet. 

6.  Sandstone: 

a.  Brown  to  red,  coarse  vitreous  sand- 
stone, massive  to  shaly,  100  feet. 

6.  Gray  fine-grained  sandstone,  weath- 
ering red,  falling  apart  in  angular 
blocks,  75  feet.  >    425 

c.  Shaly  calcareous  sandstone,  75  feet. 

(f.  Vitreous,  red,  purple,  and  white 
sandstone,  150  feet. 

6.  Coarse  siliceous  conglomerate,  25  feet., 

7.  Hornblende  rock  and  schists;  unconformable.      500+ 

2,360+ 

In  this  section  No.  2  is  unquestionably  the 
Coconino  sandstone,  3  and  4  are  probably  the 
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Sapai  formation^  although  it  is  thinner  than 
might  be  expected.  5  presumably  is  the  Red- 
wall,  and  6  is  possibly  the  Tapeats  C^Tonto") 
sandstone,  although  it  appears  to  be  too  thick 
for  that  formation.  The  section  as  a  whole 
conforms  to  the  Grand  Canyon  type  and  is 
decidedly  different  from  the  Roosevelt  and 
Ray-Globe  sections. 

Gilbert*  gives  a  section  on  Carrizo  Creek, 
which  is  about  20  miles  east  of  Canyon  Creek, 
that  indicates  the  presence  of  1,200  feet  of 
Supai  rocks  above  the  Redwall,  but  his  de- 
scriptions suggest  that  there  may  be  some 
difficulty  in  determining  the  stratigraphic 
limits  of  the  formations  in  this  region. 
Another  of  his  sections  (No.  XI)  measured 
north  of  and  near  Fort  Apache  gives  1,390  feet 


that  indicated  diagrammatically  in  figure  12. 
The  oldest  formation  seen  in  this  traverse  is  the 
Dripping  Spring  quartzite.  This  forms  the 
lower  line  of  cliffs  that  are  conspicuous  along 
the  west  face  of  the  range  for  7  or  8  miles  north 
of  Salt  River.  It  has  been  considerably 
faulted,  so  that  in  places  isolated  down-dropped 
blocks  lie  in  front  of  the  main  escarpment,  and 
has  also  been  intruded  by  diabase.  The  bot- 
tom of  the  quartzite  was  not  seen,  but  the  beds 
exposed  were  estimated  to  have  a  thickness 
between  300  and  500  feet. 

Above  the  quartzite  is  an  enormous  siU  of 
diabase  probably  1,000  feet  or  more  in  thick- 
ness, dipping  to  the  east,  like  the  quartzite,  at 
10®  to  15®.  In  consequence  of  its  greater  sus- 
ceptibility to  decomposition  and  erosion,  the 
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FiouBE  12.— Diagrammatic  section  acnss  the  Sierra  Ancba,  Ariz.,  near  Artec  Peak. 


of  beds  that  from  his  description  would  proba- 
bly now  be  identified  as  the  Supai  formation. 

SIERRA  ANCHA  AND  MAZATZAL  RANGE. 
CABB'S  BANCH  AND  VICINITT. 

The  western  front  of  the  Sierra  Ancha,  as 
seen  from  Roosevelt,  is  bold  and  precipitous. 
Even  so  distant  a  view  reveals  very  clearly  the 
general  structure  of  the  range — that  of  a  block, 
probably  a  fault  block,  uptilted  along  its  west- 
em  meu-gin.  Dark  cliffs  of  red-brown  quartz- 
ite in  the  lower  part  are  succeeded  along  the 
crest  by  beds  so  much  lighter  in  hue  that  they 
suggested  at  first  the  presence  of  the  Carbon- 
iferous limestones. 

An  ascent  of  the  range  was  made  from  Roose- 
velt in  1914  by  way  of  Carr's  ranch  to  Aztec 
Peak,  and  its  general  structure  was  found  to  be 

^  Gilbert,  Q.  K.,  op.  dt.,  p.  104. 


diabase  has  weathered  back,  leaving  a  broad 
dip-slope  bench  on  the  quartzite,  which  is  fol- 
lowed for  many  miles  by  the  road  from  Salt 
River  to  Carr's  ranch.  (See  fig.  12.)  Ravines 
leading  down  from  the  upper  part  of  the  range 
cross  this  bench  and  in  the  quartzite  become 
deep,  narrow  chasms  with  vertical  walls.  A 
few  included  masses  of  altered  Mescal  lime- 
stone were  noted  in  the  diabase,  and  remnants 
of  the  limestone  appear  to  overUe  the  igneous 
rock  in  some  places.  Evidently  here,  as  in  the 
Globe-Ray  region,  the  principal  diabase  intru- 
sion took  place  at  the  Mescal  horizon. 

Carr's  ranch  is  situated  on  the  diabase  sill  at 
an  elevation  of  about  5,600  feet.  A  few  miles 
northeast  of  the  ranch  on  the  north  side  of 
Workman  Creek,  a  section  of  the  beds  that 
overlie  the  diabase  was  examined.  The  re- 
sults are  as  follows,  the  thicknesses  having  been 
determined  by  aneroid  barometer. 
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Section  in  Sierra  Ancha, 
Top  of  ridge.  Feet. 

8.  Hard  white  quartzitic  sandstone,  with  streaks  of 
well-rounded  quartz  pebbles,  none  of  which 
are  over  2  Inches  in  diameter.  Weathers  light 
red  or  pinkish  brown.  Beds  6  to  6  feet  thick 
near  base  but  stiUtification  less  distinct  above. 
Some  cross-bedding  at  low  angles.  Forms  a 
cuff ! 200 

7.  Fairly  hard  coarse  to  pebbly  pink-buff  sandstone. 
Grains  smaller  than  peas.  Grades  downward 
into  No.  6 75 

6.  Maasive,  generally  fine-grained  gray  sandstone. 
Weathers  dingy  white  and  forms  a  rough  ledgy 
slope  above  cliff  noted  below.  Fairly  soft  and 
could  be  easily  worked  as  a  building  stone. 
Texture  uneven,  owing  to  imperfect  mixing 
of  grains  of  different  size 75 

5.  Massive  fine-grained  pink  to  buff  sandstone. 
Forms  a  cliff.  Contains  well-rounded  grains 
of  pink  feldspar  and  white  quartz,  the  largest 
the  size  of  mustard  seeds.  Layers  of  quartz 
pebbles  as  much  as  2  feet  thick  in  upper  100 
feet.  Pebbles  fairly  well  roimded  and  4  inches 
or  less  in  diameter,  in  places  scattered  through 
the  sandstone 200 

4.  Fine-grained  homogeneous  pinkish  sandstone. 
Bedding  not  distinct.  Weathers  in  slabs  and 
as  a  rule  forms  a  steep  slope 300 

3.  Fine-grained  red-brown,  rather  flaggy  sandstone. 
Rests  directly  on  basalt.  Contains  flakes  and 
thin  layers  of  red  shale 50 

2.  Vesicular  basalt  flow,  forming  a  red-brown  bluff. 
Thickness  not  closely  determined,  probably 
about 50 

1.  Thin-bedded  chert y  limestone,  considerably 
metamorphosed  and  containing  serpentine, 
tremolite,    and    pyrite.    Not   well   exposed. 

Thickness  uncertain,  probably  about 250 

Intrusive  diabase  at  base. 

From  the  top  of  this  section  to  the  summit 
of  Aztec  Peak,  on  Baker  Momitain,  the  dif- 
ference in  elevation  is  about  200  feet.  This 
interval  appears  to  be  occupied  by  a  massive 
medium-grained  quartzitic  sandstone,  on  which 
weathering  brings  out  a  lamination  parallel 
with  the  bedding.  In  places  this  sandstone  is 
rusty  and  contains  little  ball-like  concretions 
an  inch  or  two  in  diameter.  Although  no 
imconformity  was  detected,  the  possibihty  of 
a  stratigraphic  break  between  this  sandstone, 
or  some  part  of  it,  and  the  sandstones  noted 
in  the  preceding  section  can  not  be  denied. 

The  metamorphosed  limestone  above  the 
diabase  at  the  base  of  the  section  is  probably 
the  Mescal  limestone.  Above  it  is  at  least  900 
feet  of  sandstone,  which  is  supposed  to  be  the 
stratigraphic  equivalent  of  the  Troy  quartzite. 


OBXXIVBACK  VALLX7  AUD  VICINITT. 

About  9  miles  west-northwest  of  Carr's 
ranch,  also  on  the  west  slope  of  the  Sierra 
Ancha,  is  Greenback  Valley,  a  little  basin  about 
2  miles  in  diameter;  floored  chiefly  with  diabase 
and  inclosed  in  part  by  cliffs  of  Drippmg  Spring 
quartzite.  The  quartzite,  as  in  parts  of  the 
Globe-Ray  region,  has  been  extensively  invaded 
by  the  diabase,  both  as  thick  sheets  and  as 
crosscutting  masses.  In  places  blocks  of  the 
quartzite  strata  were  evidently  at  one  time 
completely  enveloped  in  the  diabase  magma. 

The  basal  rock  in  this  vicinity  is  a  coarse 
porphyritic  biotite  granite.  This  is  exposed 
in  the  deep  gorge  of  Sallymay  Creek,  5  miles 
east  of  the  valley,  and  at  several  places  along 
the  west  base  of  the  range  between  Greenback 
Valley  and  Tonto  Creek. 

Resting  upon  the  granite  on  SaUymay  Creek 
is  a  basal  conglomerate  about  6  feet  thick 
where  seen.  The  lower  3  feet  is  coarse,  with 
well-rounded  pebbles  of  white  quartz,  pink 
quartzite,  and  red  jasper,  the  lajqgest  8  inches  in 
diameter,  in  an  arkosic  matrix.     Overlying  the 

conglomerate  is  a  brownish-red  arkosic  quartzite 
containing  abundant  particles  of  pink  feldspar. 
Between  some  of  the  quartzite  beds  are  thin 
layers  of  sandy  shale.  This  quartzite  is  prob- 
ably the  stratigraphic  equivalent  of  the  Pioneer 
shale  farther  south.  It  is  at  least  150  feet 
thick  and  may  be  considerably  thicker.  Over- 
lying it  is  a  sheet  of  diabase,  on  top  of  which 
is  the  cliff-making  Dripping  Spring  quartzite. 
Whether  the  Barnes  conglomerate  is  present 
above  or  below  the  diabase  on  Sallymay  Creek 
was  not  ascertained  in  the  short  time  spent  in 
this  locality. 

Just  north  and  east  of  Greenback  Valley  the 
range  exhibits  well  the  generally  broad-topped 
character  which  originally  suggested  its  Span- 
ish name.  From  the  brink  of  the  westward- 
facing  cliffs  the  surface  slopes  gently  eastward, 
much  of  it  being  a  dip  slope  on  the  tops  of  the 
Dripping  Spring  quartzite.  Here  and  there 
are  remnant«  of  thin-bedded  cherty  limestone, 
presumably  the  Mescal  limestone.  The  top 
of  Greenback  Mountain,  east  of  Greenback 
Valley,  is  such  a  remnant. 

On  the  north  slope  of  Chubb  Mountain, 
near  the  point  where  a  trail  from  Greenback 
Valley  descends  a  very  steep  slope  into  the 
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canyon  of  Sallymay  Creek,  the  diabase  is  over- 
lain, with  igneous  contact,  by  a  little  pink 
quartzite,  which  is  succeeded  conformably  by 
15  to  20  feet  of  hard  conglomerate.  This 
closely  resembles  the  typical  Barnes  conglom- 
erate, but  here,  as  in  other  places  near  Green- 
back Valley,  the  Dripping  Spring  quartzite 
and  older  formations  have  been  so  broken  and 
displaced  by  the  diabase  intrusion  that  it  is 
not  always  possible  to  be  sure  of  the  strati- 
graphic  relations  without  much  more  detailed 
work  than  can  be  done  in  a  hasty  reconnais- 
sance. 

From  Clanton's  ranch,  on  Tonto  Creek,  about 
4J  miles  above  Cline,  another  traverse  was 
made  to  the  crest  of  the  Sierra  Ancha,  which 
was  reached  at  a  point  4  miles  north-northwest 
of  Greenback  Valley  and  7  miles  southeast  of 
Gun  Creek.  The  western  slope  of  this  part  of 
the  range  was  found  to  consist  of  niunerous 
fault  blocks,  each  consisting  of  the  basal 
granite,  Scanlan  conglomerate,  Pioneer  shale, 
Barnes  conglomerate,  and  Dripping  Spring 
quartzite,  with  great  sills  of  diabase,  all  lying 
nearly  horizontal.  The  faults  are  apparently 
normal  and  form  a  series  of  steps  leading  to  the 
crest  of  the  range,  which  at  the  locality  visited 
is  a  plateau  nearly  6,000  feet  in  altitude,  corre- 
sponding to  the  upper  surface  of  the  Dripping 
Spring  quartzite  and  surmounted  by  a  few 
patches  of  cherty  limestone,  probably  the  Mes- 
cal. The  Scanlan  conglomerate  is  5  to  6  feet 
thick  and  is  made  up  of  fairly  weU  roimded 
pebbles  as  much  as  8  inches  in  diameter.  It 
rests  on  the  same  coarse  red  granite  that  is 
seen  in  Sallymay  Canyon.  Above  the  Scanlan 
conglomerate  is  some  typical  Pioneer  shale,  but 
higher  in  the  section  the  shale  becomes  inter- 
bedded  with  quartzite,  and,  as  the  Barnes  con- 
glomerate does  not  appear  to  be  strongly  de- 
veloped, the  plane  between  the  Pioneer  shale 
and  the  Dripping  Spring  quartzite  was  not  very 
satisfactorily  determined  in  the  short  time 
given  to  the  examination.  The  Pioneer  for- 
mation is  probably  not  over  200  feet  thick  in 
this  part  of  the  range.  The  Dripping  Spring 
quartzite,  however,  is  prominently  developed 
and  generally  forms  a  horizontally  banded  red- 
brown  cliff.  It  has  a  local  thiclmess  of  about 
500  feet. 

From  Roosevelt  northward  the  valley  of 
Tonto  Creek,  deeply  filled  with  fluviatile  and 
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lacustrine  deposits,  is  4  or  5  miles  in  breadth 
and  contains  a  recent  alluvial  flood  plain  a 
mile  or  so  wide  along  the  creek.  Near  the 
mouth  of  Gun  Creek  this  valley  contracts 
to  a  gorge  in  schist  and  a  sharp  ascent  of  about 
500  feet  over  hills  of  pre -Cambrian  schist 
leads  up  to  Tonto  Basin.  This  is  an  irregular 
depression  whose  hilly  floor,  ranging  from 
3,000  to  6,000  feet  in  altitude,  is  bounded 
very  definitely  on  the  north  by  the  great  escarp- 
ment of  the  MogoUon  Mesa  and  is  less  com- 
pletely closed  in  on  the  west  by  the  linear 
crest  of  the  Mazatzal  Range  and  on  the  south- 
east by  the  northern  part  of  the  Sierra  Ancha. 
The  floor  of  the  basin  is  composed  mainly  of 
granite  and  other  pre-Cambrian  intrusive 
rocks,  with  some  schist,  covered  in  part  by 
Tertiary  and  Quaternary  volcanic  rocks  and 
gravels. 

DELSHAT  BASm. 

Delshay^  Basin  is  a  well-marked  upland 
depression,  about  3  miles  in  diameter,  on  the 
west  slope  of  the  Sierra  Ancha  near  the  north 
end  of  that  range.  It  is  drained  through  deep 
canyons  by  Gim  Creek  and  its  tributaries. 
The  basin,  whose  floor  has  a  general  altitude 
of  4,500  to  5,000  feet,  is  best  reached  by  road 
and  trail  from  Hardt's  ranch,  in  Tonto  Basin. 

The  fundamental  rocks  between  Hardt's 
ranch  and  Delshay  Basin  are  crystalline  seri- 
citic  and  greenstone  schists,  which  strike  in 
general  northeast  and  dip  northwest  at  high 
angles.  These  are  cut  by  dikes  of  granite 
porphyry  and  of  rhyolite  that  is  in  places 
schistose.  A  bold  ridge  of  the  schistose  rhyo- 
lite forms  the  west  wall  of  the  basin,  and  Gun 
Creek  flows  in  a  wild  gorge  along  its  eastern 
base.  Closely  associated  with  the  schist  are 
masses  of  quartzite  that  lie  unoonformably 
beneath  the  nearly  horizontal  Cambrian  quartz- 
ites  and  are  described  on  pages  157-159.  Some 
beds  of  magnetitic  quartzite,  striking  north- 
east, form  part  of  the  schist  series  in  Delshay 
Basin,  and  occupy  a  belt  perhaps  a  quarter  of 
a  mile  wide  and  at  least  a  mile  in  length.  The 
deposits  appear  to  be  lenticular,  and  the  indi- 
vidual masses  axe  50  feet  in  maximum  width. 
There  are  all  gradations  between  nearly  pure 
magnetite    and    dark    ferruginous    quartzite. 

1  This  name,  in  uae  by  the  cattlemen  of  the  region,  Is  said  to  be  that  of 
a  former  Indian  chiet  Some  uncertainty  attaches  to  the  spelling,  which 
is  that  given  to  me  at  Hardt's  ranch. 
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The  material  was  evidently  laid  down  in  pre- 
Cambrian  time  as  a  magnetitio  sand  and  has 
been  folded  and  squeezed  with  the  other  rocks 
of  the  schist  complex. 

Southeast  of  the  magnetite  belt  in  Delshaj 
Basin  is  a  belt  from  1  to  2  miles  wide  of  a  pecu- 
liar conglomerate  that  is  olearly  a  part  of  the 
schist  complex,  has  been  thoroughly  squeezed, 
and  is  decidedly  schistose.  The  cleavage 
planes  stand  nearly  vertical.  The  "pebbles" 
are  mostly  flat  flakes  of  slate  and  schist,  as 
much  as  8  inches  long,  with  a  few  round  peb- 
bles of  harder  material.  The  matrix  consists 
of  grains  of  quartz  and  pink  feldspar.  Clearly 
the  schistose  terrane  in  this  region  has  a  com- 
plex history  and  records  more  than  one  period 
of  dynamic  metamorphism.  To  the  east  of 
the  schist  conglomerate  Delshay  Basin  is 
floored  with  coarse  red  pre-Cambrian  granite. 
Presumably  the  schist  conglomerate  was  orig- 
inally deposited  on  this  granite,  but  the  contact 
was  not  seen. 

On  the  east  and  south  the  rocks  that  have 
been  mentioned  as  exposed  in  the  floor  of  Del- 
shay Basin  are  overlain  unconformably  by 
nearly  horizontal  beds,  whose  edges  are  ex- 
posed in  the  steep  slopes  and  cliffs  that  shut 
in  the  basin  on  those  sides.  A  section  of  these 
beds  up  the  east  wall  of  the  basin  is  as  foUows, 
the  thicknesses  being  approximate  only: 

Section  on  east  side  of  Delshay  Basin, 

Crest  of  Sierra  Ancha.  Feet. 

13.  Purplish  brown  calcareous  shale,  apparently  in- 
terbedded  with  impure  cherty  limestone. 
Slope  littered  with  rusty  spongy  chert 125 

12.  Smooth  slope  with  no  exposures.  Fragments  of 
thin-bedded  rusty  sandstone  and  shale  with 
some  very  impure  dolomitic  limestone.  Abun- 
dant fragments  of  dark  vesicular  chert.  A  little 
decomposed  igneous  material.  Small  outcrop 
of  light  gray  limestone  at  base 60 

11.  Smooth  slope  with  few  outcrops.  Rusty  cherty 
detritus  in  soil,  with  fragments  of  thin-bedded 
sandstone  and  shale 40 

10.  Fine-grained,  rather  rusty  quart zitic  sandstone. 
Beds  a  little  thicker  than  in  No.  9,  the  maxi- 
mum being  3  feet 100 

9.  Thin^bedded  flaggy  sandstone  with  some  shale. 
Weathers  in  buff,  brown,  and  rusty  shades. 
Some  beds  show  worn   casts.    Forms  gentle 

slope  with  poor  exposures 100 

8.  Massive  pink  quartzitic  sandstone,   weathering 

with  pits  like  No.  6.    Prominent  cliff  maker. . .     75 
7.  Fine-grained   pink   to   yellow-brown   quartzitic 
sandstone.    Like  No.  6,  but  in  thinner  beds; 
forms  slope 25 


6.  Massive  pink  quartzitic  sandstone  with,  in  lower 
part,  a  few  rather  angular  pebbles  of  white 
quartz  as  much  as  4  inches  in  diameter.  Ptoml- 
nent  cliff  maker.  Weathers  with  numerous 
round  but  rather  irregular  pits,  mostly  lees  than 
1  inch  across 50 

5.  Conglomerate  with  rather  itngiilfty  pebbles  of  white 
quartz.  Thickness  apparently  variable,  where 
seen  about 2 

4.  Massive  fine-grained  red-brown  sandstone.  Beds 
12  feet  or  more  thick,  but  bedding  inconspicu- 
ous. Some  cross-bedding  at  low  angles,  not 
over  30^.  Less  noticeably  arkosic  than  beds 
below.    Forms  cliffs 150 

3.  Apparently  fine-grained  red-brown  sandstone. 
Exposures  in  part  poor  or  lacking 100 

2.  Coarse  red-brown  arkoslc,  quartzitic  sandstone  in 
beds  as  much  as  6  feet  thick.  Contains  ill- 
defined  layers  of  conglomerate  with  pebbles 
mostly  under  1}  inches  and  not  well  rounded. 
Some  layers  of  spotted  red  shale 150 

1.  Conglomerate  with  poorly  rounded  i>ebble8  of 
white  quartz  in  a  coarse  arkoaic  matrix.  Peb- 
bles mostly  under  2  inches 3 

(This  conglomerate  is  apparently  better 
developed  and  has  larger  i>ebbles  in  neighbor- 
ing parts  of  the  same  ridge,  as  indicated  by 
blocks  in  streamways.) 
Bottom  of  section  coarse  red  granite,  of  which 
upper  4  or  5  feet  appears  to  have  been  disinte- 
grated before  overlying  sediments  were  laid 
down. 

The  foregomg  section  is  not  readily  divisible 
into  the  units  of  the  Globe-Ray  section,  and 
evidently  the  changes  that  take  place  in  the 
older  Paleozoic  sediments  along  the  Sierra 
Ancha  require  something  more  than  a  few 
traverses  to  determine  their  character  and 
significance.  A  careful  stratigraphic  study 
carried  continuously  along  the  range  would  un- 
doubtedly yield  interesting  results.  Neverthe- 
less, it  is  believed  that  the  section  given  is 
much  more  closely  related  to  the  Globe-Ray 
section  than  to  the  sections  farther  north  that 
will  presently  be  described.  The  thin-bedded 
impure  cherty  limestone  at  the  top  of  the  seo- 
tion  is  probably  the  stratigraphic  equivalent 
of  the  Mescal  limestone,  and  the  sandstones  and 
conglomerates  below  probably  represent  the 
Soanlan  conglomerate,  Pioneer  shale,  Barnes 
conglomerate,  and  Dripping  Spring  quartzite. 
The  great  intrusions  of  diabase  are  not  repre- 
sented in  the  part  of  Delshay  Basin  seen,  and 
the  absence  of  this  rock  may  account  for  the 
fact  that  the  arenaceous  beds  are  less  quartz- 
itic than  farther  south  and  lack  certain  other 
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features  that  are  charactehstio  of  these  rooks 
in  the  southern  part  of  the  range,  at  Roosevelt 
and  in  the  Globe-Ray  region. 


FRS-CAMBBIAN  SEDIMENTS  OF 
SIEKBA     ANCHA     AND     OF 
BANQE. 


NOETHEBN 
MAZATZAL 


One  of  the  most  interesting  of  the  results  of 
the  two  reconnaissance  trips  made  into  the 
region  adjacent  to  Tonto  Basin  was  the  recog- 
nition of  a  thick  series  of  quartzites,  con- 
glomerates, and  shales  that  is  unconformably 
beneath  the  Apache  group  and  its  strati- 
graphic  equivalents.  A  brief  reference  to 
these  rocks  has  already  been  published.^ 

The  unconformity  between  these  pre-Cam- 
brian  strata  and  the  nearly  horizontal  Paleozoic 
beds  is  clearly  shown  just  north  of  Delshay 
Basin.  Here  a  prominent  bold  hill  lying  just 
east  of  Gun  Creek  and  north  of  a  tributary 
that  is  locally  known  as  Sheep  Basin  Draw  is 
composed  of  this  older  quartzite.  The  rock 
was  not  closely  examined  at  this  locality,  but 
the  beds  are  evidently  some  himdreds  of  feet 
in  total  thickness  and  are  complexly  folded  and 
faulted.  Just  east  of  this  hill,  which  closes 
Delshay  Basin  on  the  north,  are  the  cliffs  in 
which  are  displayed  the  nearly  horizontal  beds 
described  in  the  section  on  page  156.  These 
beds  were  not  seen  at  this  locality  in  actual 
unconformable  contact  with  the  older  quartz- 
ite, but  the  contrast  in  character  and  structure 
is  so  obvious  that  no  doubt  is  entertained  of 
the  existence  of  a  pronounced  unconformity. 
The  relation  of  the  older  quartzite  to  the  schist 
terrane  is  apparently  intimate,  and  the  quartz- 
ite has  shared  to  some  extent  in  the  vigorous 
deformation  to  which  the  schistose  rocks  have 
been  subjected. 

The  pre-Cambrian  strata  occur  also  in  the 
northern  part  of  the  Mazatzal  Range  and 
were  here  more  closely  examined.  Mazatzal 
Peak,  about  8,000  feet  in  altitude,  is  composed 
chiefly  of  these  rocks,  which  appear  to  con- 
stitute the  higher  portion  of  the  range  from 
this  rugged  summit  northward. 

From  Hardt's  ranch  a  traverse  was  made  up 
Deer  Creek,  which  heads  south  of  Mazatzal 
Peak  and  flows  eastward  into  Rye  Creek,  a 
tributary  of  Tonto  Creek.  The  lowest  and 
oldest  rocks  exposed  on  Deer  Creek  are  schists. 

>  Raosome,  F.  L.,  Quicksilver  deposits  of  the  Maatzal  Range,  Arix.: 
U.  8.  Geol.  Survey  Bull.  (OO,  pp.  114-117, 1915  (Bull.  aao-F). 


These  schists,  with  those  exposed  at  Hardt's 
ranch  and  in  Delshay  Basin,  are  part  of  a 
northeasterly  belt  that  crosses  the  Mazatzal 
Range  obliquely  between  the  pre-Cambrian 
granite  of  Moimt  Ord  and  the  quartzite  mass  of 
Mazatzal  Peak  and  apparently  continues  north- 
eastward past  the  north  end  of  the  Sierra 
Ancha.  The  descriptions  given  by  Reagan^ 
are  not  quite  clear  on  this  point,  but  the  belt 
of  schistose  rocks,  irregularly  overlapped  in 
places  by  younger  formations,  appears  to 
extend  eastward  across  the  upper  parts  of 
Cherry,  Canyon,  and  Cibicu  creeks,  beyond 
which  it  probably  passes  under  the  horizon- 
tal Paleozoic  beds  of  the  Arizona  Plateau. 
Where  seen  in  the  Tonto  region  these  schists 
have  considerable  lithologic  variety.  They 
include  sericite  schist,  greenstone  schist,  brown 
and  dark-gray  slates,  schistose  grits  and  con- 
glomerates, hematitic  schist,  thin-bedded  dolo- 
mite and  red  jasper,  and  beds  of  quartzite  or 
quartz  schist.  Associated  with  these  rocks  are 
some  rhyoUte,  generally  schistose  in  part,  and 
small  masses  of  other  ancient  igneous  rocks. 
Where  it  crosses  the  Mazatzal  Range  the  belt 
of  exposures  is  about  5  miles  wide.  To  the 
northeast,  where  it  crosses  Tonto  Basin  and 
extends  past  the  north  end  of  the  Sierra  Ancha, 
the  area  of  schistose  rocks  is  probably  at  least 
15  miles  wide.  The  belt  contains  the  quick- 
silver deposits  of  the  Mazatzal  Range.'  It  is  of 
especial  interest  in  connection  with  the  subjects 
discussed  in  the  present  paper,  as  it  appears  to 
mark  a  pronoimced  change  from  north  to 
south  in  the  character  of  the  pre-Devonian 
Paleozoic  sections  of  this  part  of  Arizona. 
This  will  be  brought  out  more  fully  in  sub- 
sequent pages. 

At  an  altitude  of  about  5,600  feet  on  the 
north  side  of  the  middle  fork  of  Deer  Creek  the 
basal  bed  of  the  pre-Cambrian  sedimentary 
beds  rests  on  red  oxidized  rhyohte  that  shows 
well-developed  flow  structm*e.  The  relation 
of  this  old  rhyohte  to  the  schists  was  not  ascer- 
tained, but  it  is  probably  a  part  of  the  schist 
complex.  The  beds  strike  N.  33°  E.  and  dip 
about  TO*'  NW.  This  attitude  agrees  fairly 
well  with  the  general  strike  and  dip  of  the 
schists  and  suggests  that  the  beds  about  to  be 

1  Raagan,  A.  B.,  Geology  of  the  Fort  Apache  region  in  Arizona:  Am. 
Geologist,  yol.  32,  pp.  265-306, 1903. 

*  Ransome,  F.  L.,  Qnicksilver  deposits  of  the  MiwitBv]  Range,  Aris  : 
U.  S.  Geol.  Survey  Bull.  620,  pp.  111-128, 1015  (Bnll.  620-F). 
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described  have  taken  part  in  at  least  some  of 
the  pre-Cambrian  deformation  to  which  the 
schists  have  been  subjected. 

At  the  base  of  the  sediments  is  a  brick-red 
detrital  rock  made  up  of  flakes  of  schist  in 
an  abundant  matrix^  apparently  also  com- 
posed of  minute  schist  particles  with  an  occa- 
sional grain  of  quartz.  The  material  suggests 
an  indurated  oxidized  stony  soil.  It  is  about 
80  feet  thick.  Overlying  it  without  any  sharp 
plane  of  demarcation  is  a  conglomerate  about 
2  feet  thick,  with  rather  sparse  pebbles  of 
rhyohte  and  red  jasper  as  much  as  5  inches 
in  diameter.  The  conglomerate  in  turn  grades 
upward  into  quartzite.  The  quartzite  is  very 
hard  and  vitreous  and  is  generally  reddish  or 
brown.  Much  of  it  is  banded  parallel  with  the 
bedding  planes.  Little  seams  or  films  of  specu- 
larite  on  joint  planes  are  rather  characteristio. 


The  first  rock  to  be  seen  in  ascending  the 
ravine  is  a  large  body  of  quartzite  folded  into  a 
sharp  anticline  and  apparently  faulted  against 
shales  on  the  northwest.  These  shales  resem- 
ble nothing  I  had  previously  seen  in  Arizona. 
They  are  gray-green,  weathering  yellow,  fairly 
hard,  and  only  moderately  fissile,  and  they 
effervesce  in  acid  when  powdered.  Evidently 
they  are  somewhat  dolomitic.  For  about  60 
feet  from  their  top  they  alternate  with  thin  beds 
of  quartzite  and  conglomerate.  The  conglom- 
erate layers  are  less  than  a  foot  thick  and  carry 
pebbles  of  quartz  and  red  jasper.  The  strike 
of  the  shales  where  seen  is  northeast  and  the  dip 
northwest  at  55^  in  the  bottom  of  the  canyon 
and  at  45^  near  the  top  of  the  formation.  The 
stratigraphic  base  of  the  shale  was  not  seen,  but 
the  apparent  total  thickness  of  the  beds  exposed 
was  very  roughly  estimated  at  1,000  feet. 


Qustamary, 


FiousE  13.— Diagrammatic  section  on  North  Fork  of  Deer  Creek,  ICaiatzal  Range,  Aiis. 


Between  many  of  the  beds  are  thin  partings  of 
hard  red  micaceous  shale  showing  worm  casts. 
These  beds  were  found  to  continue  up  the 
precipitous  slope  to  an  altitude  of  6,500  feet, 
but  at  that  point  the  traverse  had  to  be  aban- 
doned. The  apparent  thickness  is  at  least 
1,400  feet,  but  there  is  possibly  some  duplica- 
tion of  folding  or  faulting.  Similar  quartzitic 
beds  were  observed  to  continue  some  hundreds 
of  feet  higher,  to  the  crest  of  the  ridge,  and 
quartzite  with  blocks  of  coarse  grit  or  fine  con- 
glomerate were  the  only  rocks  observed  in  the 
talus.  The  pebbles  in  the  conglomerate  are  as 
a  rule  smaller  than  peas  and  consist  mostly  of 
quartz  and  rod  jasper. 

Another  traverse  was  made  up  the  North 
Fork  of  Door  Creek.  The  relations  there  seen 
are  indicated  in  the  rough  sketch  shown  as 
figure  13.  This  is  not  drawn  to  scale  and  no 
attempt  was  made  to  measure  the  thicknesses 
of  the  bods. 


The  shale  is  overlain,  with  apparent  conform- 
ity, by  hard  brown  quartzite  in  beds  generally 
less  than  2  feet  in  thickness.  The  dip  grows 
less  toward  the  top  of  the  slope,  and  at  an  ele- 
vation of  700  feet  above  the  north  fork  the  beds 
lie  in  gentle  folds  with  dips  of  25®  and  less. 
The  quartzite  beds  vary  in  color,  but  most  are 
reddish.  Layers  of  small  pebbles  of  quartz  and 
red  jasper  are  fairly  abxmdant. 

The  same  pre-Cambrian  quartzites  described 
as  occurring  in  the  vicinity  of  Deer  Creek  and 
Mazatzal  Peak  appear  to  continue  along  the 
crest  of  the  Mazatzal  Range  to  its  northern 
termination  at  North  Peak,  the  base  of  the 
range  being  schist,  granite,  and  probably  other 
ancient  crystalline  rocks. 

The  northernmost  point  at  which  the  pre- 
Cambrian  sediments  have  been  recognized  in 
this  part  of  Arizona  is  on  Pine  Creek,  in  the 
vicinity  of  Natural  Bridge,  about  8  miles  north- 
west of  Payson  and  12  miles  north  of  North 
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Peak.  At  Natural  Bridge,  where  Pine  Creek 
eaoai>e3  past  an  obstructing  teiraoe  of  traver- 
tine, partly  by  a  narrow  gorge  of  wild  beauty 
and  partly  through  a  lofty  natural  tunnel 
under  the  calcareous  mass,  the  nearly  hori- 
zontal Faleozoio  limestones  and  the  basal 
Cambrian  sandstone  (Tapeatsi)  are  exposed 
on  the  east  side  of  the  stream,  which  has  cut 
through  them  into  the  granite.  On  the  west 
Bide  of  the  creek  is  a  precipitous  slope,  400  to 
500  feet  high,  in  which  are  exposed  coarse  red 
granite,  overlain  by  a  coarse  granitic  conglom- 
erate, with  bowlders  as  much  as  2  feet  in  di- 
ameter, which  in  turn  is  overlain  by  hard 
cross-bedded  reddish  quartzite  with  layers  of 
conglomerate.  These  beds  dip  about  north- 
northwest  at  an  angle  estimated  at  5S°,  and 
are  disturbed  by  faulting.  The  general  rela- 
tions of  the  beds  at  Natural  Bridge  are  dia- 


monadnock  on  a  surface  so  nearly  worn  down 
to  a  plain  as  that  over  which  the  arenaceous 
deposits  of  the  Cambrian  sea  were  spread  for 
thousands  of  square  miles,  it  is  still  more  diffi- 
cult to  account  in  any  other  way  for  this 
island-like  mass  of  indurated  tilted  strata  sur- 
rounded by  dissimilar,  nearly  horizontal,  and 
apparently  younger  beds.  Moreover,  these 
older  beds  are  much  more  resistant  than  the 
granite,  and  the  fact  that  here  and  there  emi- 
nences of  hard  rock  projected  above  the  gen- 
eral level  of  the  vast  pre-Tonto  floor  and  were 
not  finally  buried  imtil  long  after  the  deposi- 
tion of  the  Tapeats  sandstone  is  visibly  evi- 
dent in  the  walls  of  the  Grand  Canyon, 

Natural  Bridge  is  one  of  the  few  places  in 
the  region  where  good  accommodations  can 
be  had  for  man  and  beast,  and  the  locality 
would  well  repay  more  careful  study  than 


m  scToa  Pine  Cnek  M  Nktunl  Brldsg,  Arte. 


grammatically  im^cated  in  the  rough  sketch 
of  figure  14.  The  coarse  conglomerate  and 
arkose  conglomeratic  quartzite  on  the  west 
side  of  the  creek  at  Natural  Bridge  are  ap- 
parently older  than  the  sandstone  and  over- 
lying limestone  on  the  east  side  and  are  part 
of  a  steep  ridge  that  rose  above  the  general 
level  of  the  granitic  surface  upon  which  the 
basal  sandstone  (Tapeats!)  accumulated.  This 
ridge  can  be  traced  in  a  north-northeasterly 
direction  from  Natural  Bridge  for  about  4 
miles,  to  a  point  east  of  Fine,  where  it  passes 
under  the  horizontal  strata  of  the  plateau. 
About  2J  miles  southeast  of  Pine,  on  the  road 
to  Payson,  the  nearly  horizontal  limestones 
above  the  Cambrian  sandstone  abut  uncon- 
formably  against  the  slope  of  this  old  ridge 
and  locally  contain  angular  fragments  of  the 
older  quartzite. 

While  it  is  difficult  to  understand  the  sur- 
vival of  a  small  sharp  ridge  as  an  isolated 


could  be  given  to  it  in  the  course  of  the  hasty 
reconnaissance  made  in  1912. 


The  geologic  column  given  in  Plate  XXV  as 
the  Jerome  section  is  really  a  composite,  only 
the  part  below  the  Supai  formation  having 
been  measured  at  Jerome.  The  higher  beds, 
however,  are  well  exposed  in  the  escarpment 
of  the  plateau  a  few  miles  north  of  the  town 
and  along  the  route  from  Payson  to  Camp 
Verde  by  way  of  Fossil  Creek.  The  thick- 
nesses given  for  the  Supai  and  Coconino  for- 
mations were  obtained  by  rough  aneroid  meas- 
urements on  Fossil  Creek  and  at  the  head  of 
Pine  Creek. 

An  excellent  section  of  the  lower  part  of  the 
locfd  geologic  column  is  exposed  where  the 
road  from  Payson  to  Pine  crosses  East  Verde 
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River.  At  the  base  is  coarse  red  granite. 
Upon  this  rests  horizontally  80  feet  of  dull 
red-brown  cross-bedded  pebbly  sandstone. 
Cliff  faces  show  some  irregular  horizontal 
lamination  but  no  distinct  divisional  planes, 
and  the  whole  forms  a  single  thick  bed.  Few 
of  the  included  pebbles  are  over  an  inch 
in  diameter.  Overlying  the  massive  bed  are 
thinner-bedded  pebbly  sandstones  grading  up- 
ward through  a  thin  layer  of  shale  to  hme- 
stone.  The  thinner  sandstone  beds  have  a 
thickness  of  30  feet;  making  the  total  thick- 
ness of  the  basal  sandstone  110  feet.  As  will 
be  shown  later,  there  can  be  no  reasonable 
doubt  of  the  identity  of  this  sandstone  with 
the  Tapeats  C'Tonto")  sandstone  of  the  Grand 
Canyon  section. 

The  following  section  of  the  overlying  lime- 
stone was  measured  by  aneroid  a  short  dis- 
tance west  of  the  river,  where  the  Umestone 
is  capped  by  Tertiary  or  Quaternary  basalt. 
The  numbers  correspond  to  those  used  in  the 
Jerome  section  on  Plate  XXV  (p.  136). 

Section  of  Umestone  near  East  Verde  River. 

Basalt. 

8.  Rather  thin-bedded,  in    part  flaggy  light-gray 

compact  limestone,  with  a  few  thin  beds  of    Feet, 
sandstone  near  top 130 

7.  Pink  and  gray  sandy  limestone 50 

6.  Hard,  compact  gray  limestone  in  beds  2  to  3  feet 

thick 50 

5.  Red  shale,  with  bed  of  laminated  gray  quartzite, 

2  to  3  fee t  thick  at  the  top 20 

4.  Thin-bedded  gray  limestone.  For  25  or  30  feet 
above  the  Tapeats  sandstone  this  is  flaggy  and 
somewhat  sandy.  Grades  upward  into  com- 
pact, hard  light-gray  and  pink  limestone 100 

Tapeats  sandstone.  350 

No  fossils  were  found  in  these  beds,  but  the 
limestones  are  probably,  in  part  at  least, 
Devonian.  It  is  to  be  noted  that  the  Bright 
Angel  (^^Tonto")  shale  of  the  Grand  Canyon 
is  not  represented  on  the  East  Verde. 

The  beds  underlying  the  httle  alluvial  valley 
at  Pine  appears  to  belong  to  the  lower  part  of 
the  Supai,  and  higher  strata  of  the  same  forma- 
tion crop  out  as  a  broad  rosy  band  along  the 
cliffs  north  and  east  of  the  village.  As  a  rule 
this  strip  of  bright  color  blends  rather  indefi- 
nitely into  the  buff  tint  of  the  overlying  Coco- 
nino sandstone,  which  is  the  cliffmaker  of  this 
part  of  the  plateau  edge.    An  aneroid  measure- 


ment of  the  Coconino  sandstone  at  the  head  of 
Pine  Creek  showed  that  the  Coconino  is  at 
least  500  feet  thick.  It  is  a  fine-grained, 
remarkably  homogeneous,  and  rather  soft 
sandstone,  whose  constituent  quartz  grains 
sparkle  brilliantly  in  the  stmlight.  The  color 
generally  is  pale  buff  to  nearly  white,  but  it 
teath  J  in  Lre  or  less  rust/tinta  near  tl.e 
base.  Cross -bedding  as  a  rule  is  more  con- 
spicuous than  bedding  and  the  rock  spUts 
more  readily  along  the  oblique  laminations 
than  it  does  parallel  with  the  true  bedding. 

About  6  miles  west  of  Pine  the  mail  trail 
between  Payson  and  Camp  Verde  crosses  the 
canyon  of  Fossil  Creek  ^  and  affords  a  fairly 
good  section  of  the  Supai  formation,  whidi 
here  consists  chiefly  of  bright-red  friable,  very 
fine  grained  calcareous  and  gypsif erous  sand- 
stones, with  a  few  beds  of  soft  lightr-gray  sandy 
Umestone.  One  bed  of  such  limestone,  about 
20  feet  thick,  is  well  exposed  on  the  trail  about 
50  feet  below  the  east  rim  of  the  canyon  and 
is  regarded  as  the  topmost  bed  of  the  Supai. 
About  800  feet  below  this  bed  is  a  layer  of 
gray  limestone  conglomerate,  about  12  feet 
thick,  with  pebbles  of  limestone  as  much  as 
2  inches  in  diameter.  A  seam  of  very  impure 
lignite,  reported  to  be  in  places  20  inches  thick, 
hes  just  under  this  conglomerate  and  is  said  by 
prospectors  to  be  accompanied  by  some  native 
copper.  The  barometric  readings  on  this  sec- 
tion gave  a  thickness  of  about  1,250  feet  for 
the  Supai  formation,  but  this  is  probably  a 
httle  higlh,  and  an  estimated  thickness  of 
1,000  feet  is  used  in  the  Jerome  section  (PL 
XXV).  The  Supai  beds  are  locally  very  soft 
and  generally  form  steep  ruddy  slopes  imder 
the  pale-buff  cliffs  of  the  Coconino  sandstone. 
The  distinction  between  the  two  formations, 
as  seen  in  diff  faces,  is  not  sharp,  as  there  are 
some  soft  reddish  beds  above  the  20-foot  gray 
limestone.  Likewise  at  the  base  there  is  some 
gradation  of  the  red  beds  into  the  rather  thin 
bedded  gray  limestones,  presumably  Kedwall, 
exposed  in  the  bottom  of  Fossil  Canyon. 

Between  Fossil  Creek  and  Camp  Verde  the 
sedimentary  rocks  are  buried  under  heavy 
flows  of  basalt,  with  intercalated  layers  of 
tuff,  which  apparently  are  younger  than  the 
extensive    lacustrine    deposits,    consisting    of 

^  This  creek  owes  Its  name  to  the  incrustlng  action  of  some  oopioos 
springs  which,  after  building  up  a  huge  terrace  of  travertloe,  now  JasoB 
from  the  base  of  the  mass,  on  the  edge  of  the  stream. 
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gypsiferous  clays,  limestone,  gypsum,  and  salt 
and  probably  over  1,000  feet  thick,  that  fiU 
this  part  of  the  Verde  Valley. 

The  town  of  Jerome  is  west  of  and  about 
1,500  feet  above  Verde  Kiver,  at  the  north  end 
of  a  short  range  known  as  the  Black  Hills. 
The  prospect  northeast  from  Jerome  probably 
surpasses  in  beauty  and  geologic  interest  any- 
thing else  to  be  seen  in  Arizona,  except  the 
unrivaled  Grand  Canyon.  From  4  to  6  miles 
distant,  across  a  belt  of  relatively  low  hills 
whose  pale  hue  proclaims  the  Redwall  lime- 
stone, meanders  the  Verde  with  its  narrow 
fringe  of  trees  and  green  fields.  Beyond  the 
river,  15  miles  away,  is  the  great  scarp  of 
the  plateau,  here  thrusting  a  bold  promontory 
into  the  valley,  there  retreating  in  some 
shadowy  recess  where  a  creek  has  cut  back  into 
the  table-land,  and  glowing  along  its  entire 
front  with  the  ruddy  warmth  of  the  Supai, 
which  shades  upward  into  the  creamy  tints  of 
the  Coconino  sandstone  and  downward  into 
the  whiteness  of  the  Redwall.  Finally,  50 
miles  away,  beyond  the  pine  forest  whose 
fringe  darkens  the  top  of  the  cliff,  the  even 
sky  line  of  the  plateau  is  boldly  surmoimted  by 
the  volcanic  mass  of  the  San  Francisco  Moun- 
tains, upon  whose  crest  the  snow  yields  but 
slowly  to  the  heat  of  summer.  Nor  is  it  neces- 
sary to  look  to  these  distant  peaks  for  evidence 
of  volcanic  activity  in  recent  geologic  time. 
Dark  flows  of  basalt,  at  various  levels,  cap  parts 
of  the  plateau  and  outlying  mesas,  much 
nearer  at  hand,  and  only  a  few  miles  north  of 
Jerome,  Verde  River  has  barely  succeeded  in 
cutting  through  a  lava  stream  that  usurped  its 
channel. 

The  rocks  of  the  Black  Hills  have  undergone 
some  of  the  deformation  which  is  so  character- 
istic a  feature  of  the  moimtain  region  and  which 
gives  it  a  structure  and  topography  so  different 
from  that  of  the  plateau,  here  in  plain  sight 
for  comparison.  The  most  conspicuous  ele- 
ment of  the  structure  near  Jerome  is  a  fault 
that  strikes  N.  SO*"  W.  and  dips  about  60**  NE. 
The  dislocation  is  of  the  kind  classed  as  nor- 
mal, and  the  throw  at  Jerome  is  roughly  esti- 
mated at  about  1,300  feet.  The  result  of  the 
movement  has  been  to  elevate  the  Black  Hills 
relatively  to  the  plateau  coimtry,  to  expose  the 
pre^ambrian  schists  southwest  of  the  fault, 
and  incidentally  to  bring  to  light  the  great 


body  of  copper  ore  now  worked  by  the  United 
Verde  Copper  Co. 

Resting  upon  the  schists  on  the  hillside  just 
west  of  the  United  Verde  mine  is  the  Tapeats 
sandstone,  75  to  80  feet  thick.  It  is  locally 
a  very  dark  red  cross-bedded  pebbly  sandstone 
in  which  the  pebbles,  for  the  most  part  col- 
lected into  lenticular  layers,  are  rarely  over  1 
inch  and  mostly  imder  half  an  inch  in  diameter. 
The  dark  rusty  hue  of  the  sandstone  is  probably 
due  to  ferruginous  gossan  material,  derived 
from  the  pre-Cambrian  pyritic  deposits  in  the 
schist. 

Conformably  above  the  sandstone  are  light- 
yellowish,  very  compact  limestones  in  beds 
from  2  to  3  feet  thick  and  containing  only  ob- 
scure traces  of  fossils.  These  beds  resemble  the 
compact  limestones  of  the  lower  part  of  the 
Martin  limestone  at  Ray.  This  part  of  the 
formation,  about  150  feet  thick,  is  overlain  by 
darker-gray  limestones,  some  of  which  are 
sandy.  Fossils  are  fairly  abundant  in  these 
strata,  but  are  as  a  rule  poorly  preserved  and 
extremely  difficult  to  collect.  About  350  feet 
above  the  base  of  the  limestone  a  light-gray 
bed  about  5  feet  thick,  sandy  in  its  lower  part, 
but  grading  upward  into  a  purer  and  more 
compact  limestone,  carries  abundant  small 
poorly  preserved  shells  near  its  base  and 
corals  in  its  upper  part.  Fossils  collected 
from  this  bed  and  those  just  above  it  were 
submitted  to  Dr.  E.  M.  Kindle,  who  has  identi- 
fied the  following  species: 

« 

Aulopora  sp.  undet. 
Zaphrentifi  sp.  undet. 
Camarotoechia  sp.  undet. 
Spirifer  orestes. 
Cyrtia  cyrtiniformis. 
Bellerophon  msera. 

Mr.  Kindle  writes:  "These  species  represent 
an  Upper  Devonian  fauna  of  the  same  general 
facies  as  that  previously  collected  by  you  at 
various  points  in  Arizona."  In  other  words, 
It  is  the  fauna  of  the  Martin  limestone.  The 
total  thickness  of  the  beds  provisionally  as- 
signed to  the  Devonian  at  Jerome  is  about  500 
feet.  Of  course  there  is  a  possibility  that  the 
lower  compact  limestones,  from  which  no  fos- 
sils were  obtained,  may  be  older  than  De- 
vonian. There  are  no  beds  present  in  the  local 
section,  however,  that  can  be  referred  to  the 
Bright  Angel  shale. 
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Above  the  comparatively  thin-bedded  and 
impure  Devooian  limestone  are  thicker  beds  of 
white  limestone,  much  of  which  is  granular 
and  contains  abundant  fragments  of  crinoid 
stems.  This  limestone  is  about  250  feet  thick 
near  Jerome.  Fossils  collected  from  it  were 
referred  to  G.  H.  Girty,  who  lists  the  following: 

Zaphrentis  ep. 

Scbuchertollii  aS.  S.  cheamingnnMB  Conrad. 

Schizophoru  iwallowi  Hkll. 

ChoDet«8  illinoiaeiuu  Woithen. 

ProductuB  burliagtoDensifl  Hall. 

Avonia  arcuafa  IlaU. 

Purtula  aff.  P.  scabricuU  Martin. 

Caxoarotoochia  sp. 

Spirifer  ceDtronatus  Winchell. 

Compodta  humilu  Girtyf 

Euomphalus  sp. 

Bellerophon  ep. 

He  states  that  the  horizon  is  clearly  lower 
Mississippian  and  that  the  fauna  shows  close 
affinities  with  the  Burlington,  especially  with 
the  lower  Burlington.  This  is  xmquestionably 
the  Redwall  limestone.  The  two  lithologic 
divi^ons  noted  by  Lee  farther  northwest  are 
not  apparent  at  Jerome,  unless  the  beds  here 
grouped  with  the  Devonian  correspond  to 
the  lower,  thin-bedded  part  of  the  Redwall  as 
described  by  Lee.'  No  evidence  was  obtained 
at  Jerome  to  indicate  that  any  of  the  Redwall 
limestone  is  as  young  as  the  Pennsylvanian. 
In  the  Black  Hills,  the  Redwall  limestone  is 
overlain  by  the  red  Supal  beds  which  in  turn 
are  capped  by  basalt  and  are  not  present  in 
full  thickness. 

Near  the  mouth  of  Sycamore  Creek,  8  miles 
north  of  Jerome,  fully  450  feet  of  limestone 
is  exposed  below  the  Supai.    At  the  base  of 
the  Supai  is  a  limestone  conglomerate  2  to  3 
feet   thick  in  which  the  pebbles   are  gener- 
ally loss  than   2  inches   in  diameter.    Layers 
of   similar   conglomerate    also   occur   a   little 
higher  in  the  formation.    At  this  locaUty  the 
lower  700  feet  of  the  Supai  consists  chiefly  of 
fine-grained  cross-bedded  sandstone  in  beds 
less  than  6  feet  thick,  with  a  smaller  proportion 
of  deep  red  shale.    The  general  color  is  not 
'^-■"■*-',    and    some    of    the   sandstone   beds 
•jO  a  tawny  hue.    The  nppor  beds  of 
sion  of  the  formation  are  fairly  massive 
ra    an    outer    bench    in    the    plateau 
ent  at  this  locaUty.     Overlying  them 


and  under  the  Coconino  sandstone  are  ap- 
parently softer  beds  of  much  brighter  red,  with 
an  estimated  thickness  of  200  to  300  feet.  Aa 
seen  through  &eld  glasses  at  a  distance  of  2  or  3 
miles  they  show  conspicuous  cross-bedding 
and  appear  to  grade  upward  with  no  sharp 
break  into  the  Coconino  sandstone. 

Gilbert '  has  given  a  section  at  a  locality 
described  aa  "15  miles  southeast  of  Bill  Wil- 
liams Mountain."  This  apparently  was  meas- 
ured on  Sycamore  Creek,  some  miles  above  its 
mouth.  The  section  as  given  indicates  the 
presence  of  400  feet  of  Redwall  limestone  (base 
not  seen),  600  feet  of  Supai  (that  is,  400  feet  of 
"alternating  fine-^;rained  limestones  and  cal- 
careous red  and  yellow  sandstones,"  overlain 
by  200  feet  of ' '  friable  red  sandstone  " ) ,  700  feet 
of  Coconino  sandstone,  and  335  feet  of  Kaibab 
limestone,  overlain  by  basalt. 

GRAND  CANTON  GEOLOGIC  SECTIONS. 

The  general  character  and  succession  of  beds 
in  the  Grand  Canyon  are  too  well  known  to 
geologists  to  require  more  than  very  brief 
description  here. 

In  the  section  given  by  Gilbert  *  for  the 
mouth  of  the  Grand  Canyon  the  Tonto  group, 
from  the  base  up,  is  made  to  include  the 
"Tonto  sandstone"  (now  the  Tapeata  sand- 
stone), 80  feet;  the  "Tonto  shale"  (now  the 
Bright  Angel  shale),  600  feet;  and  the  "mar- 
bled limestone"  (now  the  Muav  limestone  *)  75 
feet.  Some  uncertainty  appears  to  exist  as  to 
the  limits  of  the  Muav  limestone.  Lee,^  in  his 
section  measured  a  few  miles  west  of  the  mouth 
of  the  Grand  Canyon,  describes  the  Tapeats 
sandstone  as  overlain  by  "about  600  feet  of 
yellowish-green  arenaceous  shale,"  succeeded 
by  the  Redwall.  In  the  Shinumo  quadrangle 
Noble'  noted  450  to  475  feet  of  Muav  limestone 
and  only  25  to  375  feet  of  Bright  Angel  shale. 
He  has  separated  as  the  Muav  limestone  beds 
that  Gilbert  and  other  observers  considered  to 
be  part  of  the  "Tonto  shale,"  his  Muav  being 
the  upper  calcareous  portion  of  the  old  "Tonto 
shale." 


I.O.K., 


.'.  S.  G»e.  Surveys  W.  lOOtbMM.  Kept.,  vol.  J, 


.183; 


■  Idem,  pp.  IM,  IM. 

'  Noble,  L.  P.,  Tb«  Shinumo  quadrangle,  (Innd  Cuyon  dkatrict, 
uli.;  U.S. GeoL Survey Bull.£49, p. »,19N. 

"  Lee,  W.  T.,  GeolOKio  reconnaissance  ot  a  part  of  wwtcm  ArlUBK 
'.  9.  Geol.  Bunty  Bull.  3S2,  p.  IS,  1908. 

1  Op.  clt.,  pi,  a. 
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In  the  Kanab  Valley,  northwest  of  the 
Shinumo  area,  according  to  Walcott,*  there  is 
235  feet  of  '^massive  mottled  limestone  with 
50  feet  of  sandstone  at  base"  imconformably 
below  the  Devonian  and  above  the  ''Ton to 
Primordial."  This  is  probably  the  Muav 
limestone.  In  the  portion  of  the  canyon  be- 
tween the  Bright  Angel  and  Hance  trails  the 
Muav  limestone,  according  to  my  own  obser- 
vations, is  not  conspicuously  different,  either 
in  topographic  expression  or  Uthology,  from 
the  underlying  shaly  beds,  and  although  the 
impure  calcareous  strata  near  the  top  of  the 
Tonto  group  were  not  measured,  they  did  not 
appear  to  be  nearly  so  thick  as  was  stated  by 
Noble  for  the  Muav  limestone  in  the  Shinimio 
quadrangle.  Similarly  Frach*  in  his  Congress 
Canyon  section  gives  the  Tonto  group  a  thick- 
ness of  749  feet,  of  which  the  lower  290  feet  is 
sandstone,  leaving  459  feet  for  the  generally 
snuff-colored  shaly  beds.  He  mentions  the 
presence  of  some  impure  limestone  in  the  upper 
part  of  the  ''upper  Tonto,"  probably  the  Muav 
limestone. 

The  section  given  for  the  Kaibab  district  of 
the  Grand  Canyon  region  in  Plate  XXV  (p.  136) 
is  practically  that  given  by  Noble,*  the  latest 
and  probably  the  most  accurate  of  the  pub- 
lished sections  of  the  Grand  Canyon  strata. 

At  the  base  of  the  stratigraphic  column  is  the 
great  wedge  and  smaller  remnants  of  Algon- 
kian  beds  named  by  Walcott^  the  Unkar  and 
Chuar  '^terranes"  and  more  recently  described 
in  greater  detail  by  Noble.*  The  rocks  com- 
posing the  Unkar  and  Chuar  groups  include 
conglomerates,  sandstones,  shales,  and  lime- 
stones and  are,  owing  to  their  variety,  not 
easily  characterized  in  brief.  They  are  essen- 
tially fluviatile  (deltaic)  or  shallow-water  de- 
posits, prevailingly  red  in  the  Unkar  group  and 
of  more  diversity  of  hue  in  the  Chuar  group. 
Lithologically  the  rocks  of  both  groups  have 
little  resemblance  to  the  lower  formations  of 

1  Waloott,  CD.,  The  Permian  and  other  PaleoEoIc  groups  of  the  Kanab 
Valley,  Ariz.:  Am.  Jour.  Sci.,  3d  ser.,  vol.  20,  p.  222, 1880. 

s  Freeh,  F.,  Section  in  Congress  Canyon  opposite  Point  Sublime: 
5*  Cong.  gtel.  intemat.,  Compt.  rend.,  p.  479, 1893.  Congress  Canyon  is 
apparently  what  is  known  as  Red  Canyon,  through  which  runs  the  old 
Hance  traJl,  and  is  far  east  of  Point  Sublime. 

»  Op.  cit.,  pi.  9. 

*  Waloott,  C.  D. ,  Algonkian  rocks  of  the  Grand  Canyon  of  the  Colorado: 
Jour.  Geology,  vol.  3,  pp.  312-330, 1805.  (Gives  references  to  his  earlier 
papers  on  same  subject.) 

»  Noble,  L.  F.,  op.  cit.,  pp.  40-^. 


the  Globe-Ray  and  other  sections  to  the 
south. 

The  Tapeats  sandstone,  285  feet  in  maximum 
thickness,  is  generally  a  rather  coarse  cross- 
bedded  sandstone  grading  here  and  there  into 
a  pebbly  grit.  Lenticular  layers  of  yellowish 
well-rounded  quartz  pebbles,  the  largest  the 
size  of  peas,  are  very  conunon.  In  contrast 
with  the  quartzites  of  the  Algonkian,  which 
commonly  show  conspicuous  vertical  jointing, 
the  cliff  faces  of  the  Tapeats  sandstone  are 
characterized  by  a  nearly  horizontal  banding, 
due  to  alternations  of  coarse  and  fine  material. 
The  usual  color  is  buff,  but  in  places  this 
shades  into  dull  red  or  maroon. 

The  Bright  Angel  shale,  375  feet  thick,  con- 
sists of  fissile  shales,  for  the  most  part  mica- 
ceous, associated  with  thin  beds  of  micaceous 
sandstone  and  impure  limestones.  The  pre- 
vailing color  is  greenish  yellow,  and  the  forma- 
tion generally  weathers  to  a  smooth  slope.  It 
has  been  carefully  described  by  Noble.*  Fossils 
from  this  formation,  including  some  well- 
preserved  trilobites  obtained  in  1911  near  the 
Bright  Angel  trail,  have  been  pronoimced 
Middle  Cambrian  by  Dr.  C.  D.  Walcott. 

The  Muav  limestone,  according  to  Noble,*  is 
the  predominantly  calcareous  upper  part  of 
the  Tonto  group  and  is  475  feet  in  maximum 
thickness.  Since  Bulletin  549  was  written  he 
has  f oimd  fossils  in  the  Muav  limestone  which, 
according  to  Edwin  Kirk,  of  the  United  States 
Greological  Survey,  are  of  Middle  or  Upper 
Cambrian  age.' 

The  Devonian  Temple  Butte  limestone,  100 
feet  in  maximum  thickness,  is  in  many  places 
absent.  Recent  work  of  Mr.  Noble,  not  yet 
published,  supplies  many  details  of  its  occur- 
rence and  of  the  imconformities  between  it  and 
the  overlying  Redwall  limestone  and  the  xmder- 
lying  Muav  limestone. 

The  massive  Redwall  limestone,  from  600  to 
700  feet  thick,  is  overlain  by  the  relatively 
thin-bedded  red  shabs  and  sandstones  of  the 
Supai,  1,250  to  1,400  feet  thick,  followed  by 
cross-bedded  Coconino  sandstone,  250  to  350 
feet  thick,  and  the  pale-gray  Kaibab  limestone, 
400  to  600  feet  thick,  containing  Pennsylvanian 
fossils  and  extending  to  the  brink  of  the  canyon. 

»  Noble,  L.  F.,  op.  cit.,  pp.  62-64. 

■  Idem,  pp.  64-65. 

s  Personal  commimicatlon  from  L.  F.  Noble. 
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CORRELATION. 

In  the  comparison  of  the  ten  columnar  sec- 
tions shown  in  Plate  XXV  (p.  136)  the  most 
obvious  stratigraphic  plane  of  reference  is  the 
great  unconformity  at  the  base  of  the  Cam- 
brian. Another  zone  useful  for  correlation  is 
that  of  the  Devonian  beds,  which,  in  a  north- 
south  belt  extending  through  central  Arizona, 
are  made  up  persistently  of  limestone,  are 
generally  of  moderate  total  thickness  com- 
pared with  the  Cambrian  and  Carboniferous 
formati(Mis,  and  contain  a  characteristic  fossil 
faima,  that  of  the  Martin  limestone  of  the 
Bisbee  section.  To  the  east,  in  the  Clifton- 
Morenci  region,  the  Devonian  beds  consist 
chiefly  of  shale,  this  probably  representing  a 
gradation  into  the  Percha  shale  of  New  Mexico. 
In  the  Grand  Canyon  region  pre-RedwaU 
erosion  has  in  some  places  removed  the  Devo- 
nian beds,  but  they  are  present  in  a  sufficient 
number  of  locahties  in  the  canvon,  as  has  been 
shown  by  Noble,*  to  establish  their  Uthologic 
character  and  their  place  in  the  local  section. 
At  Jerome  the  Devonian  limestone  as  repre- 
sented in  the  columnar  section  of  Plate  XXV 
is  thicker  than  in  the  more  carefully  studied 
sections  to  the  south.  Further  examination 
may  show  that  some  of  the  lower  beds  pro- 
visionally included  in  the  Devonian  of  the 
Jerome  section  belong  to  an  older  period. 

It  is  with  the  correlation  of  the  part  of  the 
geologic  sections  between  the  Devonian  and 
the  imconformity  at  the  base  of  the  Cambrian 
that  the  present  paper  is  chiefly  concerned. 
Comparison  will  first  be  made  of  this  part  of 
the  Globe-Ray  section  with  the  corresponding 
part  of  the  Bisbee  section. 

The  lower  parts  of  these  two  sections  show 
decided  differences.  The  Globe-Ray  section 
includes  the  Scanlan  conglomerate^  the  Pioneer 
shale,  the  Barnes  conglomerate,  the  Dripping 
Spring  quartzite,  the  Mescal  limestone,  and 
the  Troy  quartzite,  with  an  aggregate  thickness 
of  1,200  to  1,300  feet.  At  Bisbee  there  are 
the  Bolsa  quartzite,  with  some  basal  conglom- 
erate, overlain  by  the  Abrigo  limestone,  and 
the  aggegate  thickness  is  about  1,200  feet. 
In  a  general  way  the  Bisbee  Cambrian  section 
resembles  the  Grand  Canyon  section,  and  it  is 
not  difficult  to  imagine  the  Bolsa  quartzite  as 
equivalent  to  the  Tapeats  (formerly  the  Ton  to) 

1  Noble,  L.  F.,  paper  in  preparation  for  publication. 


sandstone  and  the  Abrigo  limestone  as  equiva- 
lent to  the  Bright  Angel  shale  and  Muav  lime- 
stone (formerly  both  included  in  the  '*Tonto 
shale  " ) .  The  probabili  ty  of  this  exact  equiva- 
lence is  lessened,  however,  by  the  fact  that  the 
Bisbee  and  Grand  Canyon  sections  are  sepa- 
rated areally  by  the  Globe-Ray  section  of  a 
different  type. 

Fossils,  considered  by  Dr.  Charles  D.  Wal- 
cott  to  be  Middle  Cambrian,  were  foimd  in  the 
Abrigo  hmestone,  but  the  supposed  Cambrian 
portion  of  the  Globe-Ray  section  has  yielded 
no  determinable  fossil  remains.  Correlation 
by  means  of  paleontology  is  therefore  at  pres- 
ent out  of  the  question.  Lithologically  the 
Abrigo  limestone  and  the  Mescal  Umestone  are 
in  part  identical,  and  as  the  beds  showing  this 
identity  are  of  unusual  character  and  main- 
tain this  character  over  large  areas,  the  con- 
clusion that  the  Abrigo  and  Mescal  limestone 
are  probably  the  same  appears  to  be  most 
nearly  in  accord  with  the  facts.  The  striking 
similarity  of  the  pecuhar  cherty  limestone  of 
the  Abrigo  and  Mescal  is  shown  by  a  compari- 
son of  Plates  XXVIII  and  XXX. 

If ,  as  is  *  Ukely,  these  two  limestones  are 
identical,  then  the  Bolsa  quartzite  is  equiva- 
lent to  the  Dripping  Spring  quartzite  or  to  the 
Dripping  Spring  quartzite,  Barnes  conglomer- 
ate, Pioneer  shale,  and  Scanlan  conglomerate. 
In  spite  of  metamorphism  which  has  trans- 
formed the  Pioneer  shale  locally  to  mica  schist, 
the  four  formations  just  mentioned  are  recog- 
nizable in  the  Santa  Catalina  Range.  Evi- 
dently, therefore,  considerable  change  takes 
place  within  the  50  or  60  miles  intervening  be- 
tween the  Santa  Catalina  Range  and  Tomb- 
stone, where  the  section  is  of  the  Bisbee  type. 
If  the  Abrigo  and  Mescal  limestones  are  the 
same,  then  the  Troy  quartzite,  about  400  feet 
thick  in  the  Globe-Ray  r^on,  is  represented 
at  Bisbee  by  a  bed  of  white  quartzite,  8  feet 
thick,  at  the  top  of  the  Abrigo.^ 

The  Clifton  section  is  much  like  that  at 
Bisbee.  The  Coronado  quartzite  is  in  all 
probability  the  same  as  the  Bolsa  quartzite. 
The  Longfellow  limestone,  from  Ldndgren's 
descriptions,  appears  to  resemble  the  Abrigo 
limestone  in  many  respects  and  is  probably,  in 
part  at  least,  equivalent  to  it.  Fossils  ob- 
tained from  the  upper  part  of  the  Longfellow 

1  Ranaome,  F.  L.,  Geology  and  ore  deposits  of  the  Bisbee  quadrangle, 
Arlt.:  U.  8.  Oeol.  Survey  Prof.  Paper  21,  p.  32, 1904. 
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limestone  were  detennined  by  E.  O.  Ulrich 
to  be  of  Ordoyician  age.^  As  no  fossils  were 
found  in  the  upper  part  of  the  Abrigo  at  Bis- 
bee,  the  occurrence  of  the  Ordovician  fossils 
at  Clifton  does  not  preclude  correlation  of  the 
two  limestones. 

North  of  the  Globe-Ray  region  the  pre- 
Devonian  imits  of  the  Ray  section  are  all  rec- 
ognizable at  Roosevelt  and  in  the  Sierra 
Ancha.  In  the  southern  part  of  that  range, 
however,  the  development  of  1,100  feet  or 
more  of  sandstone  above  the  Mescal  lime- 
stone makes  correlation  with  the  Troy  quartz- 
ite  rather  imcertain.  This  sandstone  appears 
to  have  the  stratigraphic  position  of  the  Troy, 
but  differs  in  lithologic  character  and  is 
nearly  three  times  as  thick  as  that  formation. 
The  significance  of  this  considerable  change  in 
the  section  in  so  comparatively  short  a  dis- 
tance as  that  between  Roosevelt  and  Aztec 
Peak  is  not  fully  understood,  and  it  is  doubtful 
whether  the  beds  of  the  Sierra  Ancha  section 
can  ever  be  traced  continuously  into  those  of 
the  Ray-Globe  section.  The  only  chance 
would  be  by  way  of  the  Apache  Mountains, 
and  the  general  structure  and  topography  of 
the  region  makes  it  almost  certain  that  there 
are  gaps  of  many  miles  in  which  the  Troy 
quartzite  or  its  equivalent  beds  are  not  ex- 
posed or  have  been  removed  by  erosion. 

At  the  north  end  of  the  Sierra  Ancha  the  sec- 
tion below  what  is  supposed  to  be  the  Mescal 
limestone  is  not  readily  divisible  into  the  units 
of  the  Globe-Ray  section.  Nevertheless  it  is 
believed  to  be  more  closely  allied  to  that  sec- 
tion than  to  those  north  of  the  Sierra  Ancha. 

From  the  north  end  of  the  Sierra  Ancha  to 
the  vicinity  of  Payson  there  is  a  gap  of  about 
15  miles  in  which  the  Paleozoic  rocks  are  not 
present.  This  interval,  as  already  described 
on  page  157,  is  occupied  by  pre-Cambrian  crys- 
talline rocks  and  by  the  pre-Cambrian  quartz- 
ites,  shales,  and  conglomerates  that  are  well 
exposed  in  the  Mazatzal  Range.  If  the  Grand 
Canyon  series  (Unkar  and  Chuar)  is  repre- 
sented in  the  Ton  to  region  of  Arizona,  it  is  with- 
out much  doubt  to  be  correlated  with  these 
older  sedimentary  beds  and  not,  as  some  writers 
have  suggested,  with  the  imconformably  over- 
lying Apache  group. 

The  last  three  sections  given  in  Plate  XXV 
are  sections  of  the  practically  horizontal  strata 

1  U.  8.  Q«ol.  Bur/ey  Oeol.  Atlas,  Clifton  folio  (No.  129),  p.  4,  1905. 


of  the  Arizona  Plateau  and  differ  materially 
from  those  of  the  more  disturbed  rocks  of  the 
mountain  region.  This  difference  is  strikingly 
apparent  to  one  who,  after  studying  the  thick 
quartzitic  sandstones  of  the  Sierra  Ancha,  sees 
for  the  first  time  the  sections  near  Payson,  in 
which  a  comparatively  thin  basal  sandstone  is 
succeeded  by  limestones  having  no  resemblance 
to  the  Mescal  limestone.  (See  p.  160.)  There 
is  apparently  little  change  in  the  character  of 
the  beds  from  Payson  to  the  vicinity  of  Jerome, 
and  the  basal  sandstone  is,  without  much 
doubt,  the  Tapeats  sandstone  C'Tonto'^  sand- 
stone) of  the  Grand  Canyon  section.  The 
Bright  Angel  shale  and  Muav  limestone,  how- 
ever, have  not  been  identified  at  Jerome  or  at 
any  locality  southeast  of  that  town. 

The  plateau  sections  differ  also  from  those  of 
the  mountain  region  south  of  Payson  in  the 
development  of  the  Carboniferous  strata.  In 
central  and  southern  Arizona  the  Carboniferous 
is  represented  by  great  thicknesses  of  gray  lime- 
stone that  is  not,  as  a  rule,  easily  separable  into 
Mississippian  and  Pennsylvanian  portions.  In 
the  plateau  sections  there  is  a  great  develop- 
ment of  sandstones  and  shales,  and  the  Carbon- 
iferous deposits  are  divisible  into  the  RedwaU 
limestone,  the  Supai  formation  (red  sandstones 
and  shales),  the  Coconino  sandstone,  and  the 
Kaibab  limestone,  named  in  ascending  order. 

Gilbert's  Canyon  Creek  section,  while  dis- 
tinctly of  the  plateau  type,  indicates  consider- 
able change  in  character  east  of  PayBon.  It 
shows  an  increase  in  the  thickness  of  the  Cam- 
brian sandstone  and  the  absence  of  the  Devon- 
ian beds  through  unconformity.  No  uncon- 
formity was  noticed  between  the  Devonian  and 
Carboniferous  at  Jerome,  but  the  study  given  to 
this  section  was  too  hasty  to  warrant  the  asser- 
tion that  none  is  present. 

The  observations  presented  in  this  paper 
indicate  that  in  Cambrian  time  a  land  barrier 
existed  in  the  region  now  adjacent  to  Tonto 
Basin,  between  the  depositional  basin  of  central 
and  southern  Arizona  and  that  now  correspond- 
ing to  the  Arizona  Plateau,  or  at  least  to  that 
part  of  the  plateau  between  Payson  and  the 
Grand  Canyon.  It  foUows  that  while  the 
whole  Apache  group  and  its  stratigraphic  equiv- 
alents in  eastern  and  southern  Arizona  were 
probably  deposited  at  about  the  same  time  as 
the  beds  of  the  Tonto  group,  the  beds  of  the 
two  groups  were  probably  never  continuous 
within  the  Tonto  region  of  Arizona.     It  can  not 
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be  said  that  any  particular  sandstone  or  quartz- 
ite  of  the  Apache  group  is  identical  with  the 
Tapeats  sandstone. 

Although  the  evidence  from  fossils  is  lacking, 
it  appears  to  be  fairly  well  established  that  the 
entire  Apache  group  is  Cambrian,  or  possibly  in 
part  younger,  and,  so  far  as  can  be  seen  over  a 
wide  region,  is  conformably  overlain  by  the 
Devonian,  while  in  the  northern  parts  of  the 
Mazatzal  Kange  and  Sierra  Ancha  the  Paleozoic 


beds  overlie  with  conspicuous  unconformity  a 
series  of  shales,  quartzites,  and  conglomerates 
which  is  probably  equivalent  to  the  Grand 
Canyon  series. 

The  marked  difference  in  the  Carboniferous 
sections  of  the  two  geographic  provinces  in 
north-central  Arizona  suggests  that  the  natural 
barrier  supposed  to  exist  in  Cambrian  time  may 
have  persisted  in  some  form,  possibly  as  a  sub- 
marine ridge,  throughout  the  Paleozoic  era. 


THE   PLIOCENE  CITRONELLE  FORMATION  OF  THE    GULF  COASTAL 

PLAIN. 


By  George  Charlton  Matsox. 


PRESENT  INVESTIGATION. 

In  the  spring  of  1910  the  writer,  working 
under  the  direction  of  T.  Wayland  Vaughan, 
geologist  in  charge  of  Coastal  Plain  investiga- 
tions, undertook  a  study  of  the  later  Tertiary 
formations  of  the  Gulf  Coastal  Plain.  Accord- 
ing to  the  plans  outlined  before  the  work  was 
begun,  the  beds  that  had  formerly  been 
grouped  under  the  names  Lafayette  formation 
and  Grand  Gulf  formation  were  to  be  studied 
with  a  view  to  their  possible  separation  into 
more  satisfactory  stratigraphic  unit?  that 
might  be  correlated  with  other  formations 
which,  on  the  basis  of  their  fossils,  had  been 
assigned  to  their  proper  positions  in  the  geologic 
time  scale.  The  original  plan  included  a  study 
of  the  post-Vicksburgian  Tertiary  deposits 
from  western  Florida  to  Mississippi  River  and 
correlations  with  formations  previously  recog- 
nized in  Florida,  southern  Alabama,  and  Lou- 
isiana. This  plan  was  subsequently  modified 
to  extend  the  investigation  as  far  west  as  Sabine 
River.  The  field  work  was  interrupted  and 
the  office  work  was  delayed  by  calls  for  geologic 
work  in  other  areas,  so  that  the  preparation 
of  the  reports  could  not  be  begun  until  the 
spring  of  1914. 

SCOPE  OF  THIS  REPORT. 

In  this  paper  it  is  proposed  to  discuss  the 
general  character  and  relations  of  beds  of 
Pliocene  age  and  to  leave  for  subsequent 
pubhcations  the  details  of  hthologio  character 
and  distribution  of  the  Pliocene  beds  recog- 
nized. Although  not  abundantly  fossiliferous, 
these  PUocene  deposits  contain  some  fossil 
plants,  and  at  two  localities — near  Lamberts, 
north  of  Mobile,  and  at  Red  Bluff,  on  Perdido 
Bay — ^it  was  possible  to  obtain  collections 
adequate  for  correlation.  The  fossil  plants 
from  these  places  are  described  elsewhere  in 
this  report  by  Mr.  Berry,  who  also  discusses 
their  geologic  age. 


EARLY  INVESTIGATIONS. 

The  area  considered  in  this  report  has  been 
studied  by  a  number  of  geologiste,  though  few 
of  them  had  adequate  opportimity  to  examine 
the  formations  in  detail.  The  major  portion 
of  the  time  at  their  command  was  naturallv 
devoted  to  the  fossiliferous  formations,  and 
the  nonfossiUferous  beds  were  assigned  to 
groups  that  by  some  investigators  were  prob- 
ably regarded  as  separable  into  formations 
provided  enough  time  could  be  given  to  their 
studv.  The  result  of  this  method  of  classifica- 
tion  was  to  group  together  beds  differing  in  age 
and  having  very  extensive  geographic  distri- 
bution. The  beds  of  each  of  these  groups 
were  composed  of  materials  of  similar  litho- 
logio  character  that  appeared  to  be  nonfossilif- 
erous.  The  lithologic  character  of  the  ma- 
terials naturally  depended  on  two  factors — 
the  source  of  the  material  and  the  processes  to 
which  the  sediments  had  been  subjected  since 
their  removal  from  their  original  position. 
The  sediments  of  the  Coastal  Plain  were 
transported  to  approximately  their  present 
position  by  streams  that  existed  when  deposi- 
tion began,  and  in  any  broad  drainage  basin 
the  material  for*the  different  formations  from 
the  older  to  the  younger  was  derived  either 
wholly  or  in  part  from  the  older  lands  to  the 
north,  even  though  shore  currents  shifted 
some  sediments  from  one  place  to  another  and 
eroded  and  redeposited  materials  along  the 
strand  line.  In  some  places,  however,  no 
terrigenous  deposits  were  laid  down  and  the 
formations  are  made  up  either  wholly  or  in 
part  of  organic  or  chemically  precipitated 
material. 

As  the  detrital  deposits  came  from  a  common 
source,  they  vary  only  in  accordance  with  the 
character  of  the  changes  to  which  they  have 
been  subjected  since  they  were  eroded  from  the 
older  land  surface.  The  processes  of  weather- 
ing that  have  affected  the  formations  of  the 
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Coastal  Plain  since  their  deposition  have  been 
comparatively  uniform;  and  for  this  reason  the 
sediments  of  dijSFerent  ages  in  the  Coastal  Plain 
that  are  now  available  for  examination  are 
very  similar.  In  the  later  part  of  Tertiary 
time,  except  in  Florida,  there  was  a  general 
absence  of  strictly  marine  conditions,  and 
organic  deposits  of  that  age  are  either  thin  or 


both  because  of  lack  of  time  and  because  of 
lack  of  fimds  for  their  prosecution. 

FORMATION  NAME. 

The  name  Citronelle  formation  is  applied  to 
sediments  of  Pliocene  age,  chiefly  nonmarine, 
that  occur  near  the  seaward  margin  of  the  Gulf 
Coastal  Plain,  extending  from  a  short  distance 


FiouRB  15.— Map  of  Louisiana,  Mississippi,  and  Alabama  showing  approximately  areas  covered  by  Citronelle  formation  and  Fayette 
sandstone  and  boundary  between  Catahoula  sandstone  and  undtflying  formations.  Sections  along  lines  A-A  \  B-B',  <yc*,  D-D',  E-E* 
are  given  in  Plate  XXXII;  sections  along  lines  F-G,  O-H,  and  H-Tln  figure  20  (p.  219). 


entirely  lacking.  The  Coastal  Plain  forma- 
tions in  general  are  composed  of  clays  and 
sands  derived  from  the  older  land,  transported 
to  their  present  position  by  the  streams  and  in 
places  by  marine  currents  and  waves  and  sub- 
jected since  their  deposition  to  similar  pro- 
cesses of  weathering.  As  a  result  the  deposits 
are  so  similar  that  they  can  be  divided  into  dis- 
tinct formations  only  by  laborious  investigation 
with  careful  attention  to  detail.  Such  studies 
were  beyond  the  reach  of  early  investigators, 


east  of  the  western  boimdary  of  Florida  west- 
ward to  Texas.  (See  fig.  15.)  Citronelle,  a 
town  on  the  Mobile  &  Ohio  Railroad,  in  the 
northern  part  of  Mobile  County,  Ala.,  was 
chosen  as  the  type  locahty  because  of  the  ex- 
cellent exposures  of  the  formation  in  its  vicin- 
ity, especially  to  the  north  along  the  railroad 
for  a  distance  of  3  or  4  miles.  The  best  collec- 
tion of  fossjls  was  obtained  from  a  clay  bed  a 
few  miles  south  of  the  type  locality,  near  a  sta- 
tion called  Lamberts,  where  a  flora  sufficiently 
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well  preserved  to  permit  correlation  of  the  beds 
with  the  Pliocene  was  found. 

SYNONYMY. 

The  Citronelle  formation  is  the  equivalent  of 
a  portion  of  the  deposits  formerly  classified  as 
'^Drift,"  ''Orange  sand/'  and  ''Lafayette." 
The  name  can  not  be  regarded  as  a  synonym  for 
any  of  the  older  terms  because  in  all  the  earher 
descriptions  the  old  names  were  made  to  in- 
clude not  only  the  Citronelle  formation,  but 
overlying  alluvial  and  colluvial  sands  and 
gravels  and  extensive  areas  of  sand  and  gravel 
lying  farther  inland  and  belongmg  to  a  number 
ofd^erent  terranes.  In  adSn,  the  earher 
appUcations  of  the  old  names  were  such  as  to 
include  beds  of  Pleistocene  age,  forming  a  fringe 
between  the  Phocene  beds  and  the  coast  and 
extending  into  the  river  valleys.  The  develop- 
ment and  use  of  the  different  names  will  be 
mentioned  briefly  in  discussing  the  earlier  pub- 
Ucations. 

The  Lafayette  of  some  writers  may  have 
included  not  only  the  Citronelle  but  portions 
of  the  older  formations,  together  with  the 
alluvial  material  forming  the  flood  plains  and 
terraces  along  the  streams  and  the  colluvial 
sands,  gravels,  and  clays  distributed  on  the 
slopes.  Li  some  places  portions  of  the  un- 
weathered  Miocene  and  OUgocene  beds  were 
called  Lafayette,  though  in  most  locaUties 
only  the  weathered  portions  were  included. 
The  use  of  the  term  "Lafayette''  was  so  elas- 
tic that  exposures  on  the  valley  slopes  might 
all  have  been  included  in  the  formation,  even 
though  the  outcrops  of  the  older  beds  were 
unweathered,  or  the  xmaltered  beds  might 
have  been  called  "Grand  Gulf,"  the  weathered 
deposits  "Lafayette,"  and  the  relations  of  the 
deposits  explained  by  assuming  that  the  con- 
tact between  the  "Lafayette"  and  "Grand 
Gulf"  was  irregular. 

PREVIOUS  DESCRIPTIONS. 

One  of  the  earUest  reports  on  the  geology 
of  the  Gulf  Coastal  Plain  contains  a  descrip- 
tion of  what  is  called  "Diluvium  or  northern 
drift."  *  The  area!  distribution  of  the  mate- 
rials described  indicates  that  the  gravels  of 
glacial  origin  bordering  the  Mississippi  are 
included  under  that  term,  together  with  the 
alluvial  deposits  on  some  of  the  smaller  streams 
and  also,  it  is  thought,  some  of  the  beds  of 

-■ —  .  - — ■ •" " 

1  Wafles,  B.  L.  C,  Report  on  the  agriculture  and  geology  of  Missis- 
lippi,  pp.  246-258,  MissJaslppi  Geol.  Survey,  1854. 


Pliocene  age.  The  siUceous  pebbles  mentioned 
in  this  report,  especially  the  f ossilif erous  cherts, 
are  similar  to  those  found  in  some  of  the  grav^ 
ek  of  the  Citronelle  formation,  though  this  can 
hardly  be  regarded  as  conclusive  evidence  for 
correlating  these  deposits  with  the  Citronelle, 
because  such  materials  may  be  expected  in 
other  formations  derived  from  the  same  sources. 
The  occurrence  of  the  porphyry  mentioned  by 
Wailes  would  probably  be  limited  to  gravels  of 
glacial  origin,  because  it  is  unlikely  that  such 
materials  would  be  derived  from  the  sedimen- 
tary formations  occurring  in  the  drainage  basin 
of  the  Mississippi  and  its  tributaries. 

In  a  report  by  Harper,*  published  three  years 
after  that  of  Wailes,  the  name  "Orange  sand" 
is  used  to  designate  materials  that  had  been 
called  "Diluvium"  in  the  earher  pubUcation. 
This  name,  which  was  taken  from  a  report  by 
Saflford,*  continued  in  use  for  many  years, 
though  it  was  necessary  to  redefine  it  in  order 
to  harmonize  the  appUcation  by  different  writ- 
ers. It  is  clear  from  the  following  quotation 
that  Harper  '  intended  to  apply  this  term  to  a 
part  of  the  deposits  herein  named  Citronelle 
formation: 

ThJB  cover  ia  thickest  where  the  Eocefne  meets  the  Mio- 
cene. It  decreases  southward  towards  the  seacoast  and 
the  State  of  Louiaiaiia;  but  nevertheless  hills  of  the  Orange 
sand,  with  the  characteristic  pebble  stratum,  are  found 
here  and  there  even  very  near  the  seacoast. 

The  apphcation  of  the  terms  Eocene  and  Mi- 
ocene by  this  writer  is  so  imusual  and  so  differ- 
ent from  the  present  usage  that  for  the  benefit 
of  those  who  may  not  have  access  to  Harper's 
geologic  map,  it  seems  advisable  to  say  that  he 
included  in  the  Eocene  the  entire  area  south  of 
the  outcrop  of  the  Jackson  formation.  It  is  in 
this  area  that  his  Orange  sand  includes  the  Cit- 
ronelle formation.  A  discussion  of  the  other 
beds  classed  as  Orange  sand  by  Harper  may  be 
omitted  because  they  he  outside  of  the  area 
included  in  this  report. 

The  reports  cited  above  were  based  on  brief 
reconnaissances  in  which  observations  were 
made  at  widely  separated  locahties.  Although 
some  of  the  later  investigations  were  of  similar 
character,  a  tendency  toward  more  detailed 
study  is  shown  in  the  character  of  the  reports. 
The  deposits  included  in  the  Citronelle  forma- 

1  Harper,  L.,  PreUminary  report  on  the  geology  and  agricaltnre  of  the 
State  of  Mississippi,  p.  102,  Mississippi  Oeol.  Survey,  1857. 

I  Safford,  7.  M.,  Geological  reoonnaissanoe  of  Tennessee,  pp.  148,  162, 
1856. 

•  Harper,  L.,  op.  dt.,  p.  162. 
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tion  were  first  syBtematically  discussed  on  the 

basis  of  extensive  field  investigations  by  Hil- 

gard,*  who  included   beds   belonging   to    the 

Citronelle  formation  in  the  ^'Orange  sand." 

He  said : 

But  the  formatioii  which  gives  character  to  the  sur^e 
conformation  of  the  State — ^whose  presence  is  the  rule, 
and  whose  absence  the  exception  requiring  special  men- 
tion; which  forms  the  main  body  of  most  ridges  and,  to  a 
very  great  extent,  their  surface  also— is  that  which  has 
been  very  appropriately  designated  by  Prof  Safford,  the 
State  geologist  of  Tennessee,  as  the  Orange  sand  formation. 

The  term  *  ^Orange  sand,"  as  used  by  Hilgard, 
includes  some  of  the  deposits  herein  named 
Citronelle  formation  and  also  portions  of  older 
and  younger  deposits  correlated  with  them  on 
the  basis  of  lithologic  character. 

In  a  discussion  of  the  "Orange  sand"  Hop- 
kins' correlated  some  of  the  materials  in 
Louisiana  with  the  Orange  sand  of  Hilgard. 
In  his  section  across  the  State  the  name 
"Prairie  diluvium"  includes  the  beds  now 
called  the  Citronelle  formation,  as  well  as  both 
older  and  yoimger  beds.  A  subsequent  report 
by  Hopkins^  contains  a  more  comprehensive 
discussion  of  the  "  drift,"  in  which  he  included  a 
large  amount  of  material  varying  in  age  from 
the  oldest  beds  exposed  in  Louisiana  to  the 
Pleistocene.  Among  these  beds  are  the  de- 
posits here  named  Citronelle  formation,  which 
Hopkins  mentioned  in  connection  with  the 
distribution  of  the  drift  in  some  of  the  parishes 
south  of  the  outcrop  of  the  beds  later  desig- 
nated Catahoula  sandstone.  The  geologic  map 
accompanying  Hopkins's  report  shows  the 
area  occupied  by  the  Citronelle  formation  as 
covered  by  what  he  caUs  "drift."  A  third 
publication  by  this  author  discussed  the 
"drift"  in  more  detail,  giving  special  attention 
to  its  constitution  and  origin.*  The  identifi- 
able fossils  occurring  in  pebbles  are  listed,  but 
unf  ortimatel}'  some  of  the  localities  where  these 
pebbles  were  collected  were  not  given,  though 
Hopkins  stated  the  age  of  the  geologic  forma- 
tions that  supplied  these  pebbles  and  the  pos- 
sible geographic  distribution  of  the  localities 


1  Hilgard,  E.  W.,  Report  on  the  geology  and  agriculture  of  the  State 
of  Mississippi,  pp.  4-29,  Mississippi  Qeol.  Survey,  1860. 

t Hopkins,  F.  V.,  Louisiana  Geol.  Survey  First  Ann.  Rept.,  for  1860 
(Included  in  the  annual  report  of  the  Louisiana  State  Seminary  of  Learn- 
ing and  Military  Academy),  p.  78, 1870. 

a  Hopkins,  F.  V.,  Louisiana  Geol.  Survey  Second  Ann.  Rept.,  pp. 
21-26, 1871. 

*  Hopkins,  F.  V.,  Louisiana  Oeol.  Survey  Third  Ann.  Rept.  (included 
in  annual  report  of  D.  F.  Boyd,  superintendent  Louisiana  State  Univer- 
sity, for  1871),  pp.  190-203, 1872. 


from  which  they  are  derived.  The  report  con- 
tains some  speculation  as  to  the  means  of  trans- 
portation of  these  pebbles  to  their  present 
positions. 

After  the  publication  of  the  papers  cited 
there  was  a  revision  of  the  nomenclature  be- 
cause of  the  confxLsion  resulting  from  the 
differences  of  usage  in  different  areas.  The 
necessity  for  this  revision  was  emphasized  when 
McGee  ^  cori^lated  his  Appomattox  formation 
with  ''at  least  a  part  of  the  Orange  sand  of 
Hilgard  and  other  southern  geologists." 

In  1891  the  name  "Orange  sand"  was  re- 
placed by  "Lafayette  formation,"  the  type 
locality  for  the  new  name  being  in  Lafayette 
County,  Miss.,'  where,  according  to  Berry/  the 
"Orange  sand"  is  of  Eocene  (Wiloox)  age. 
This  change  was  made  at  a  conference  in  which 
Hilgard,  McGtee,  LeConte,  and  Loughridge  par- 
ticipated, and  the  decision  reached  by  them 
was  subsequently  indorsed  by  Safford.*  Mc- 
Gee was  the  first  geologist  to  apply  the  term 
Lafayette  to  deposits  distributed  over  the  entire 
area  of  the  Coastal  Plain  and  extending  across 
the  edges  of  the  older  formations  between 
Washington  and  the  Rio  Orande.'  Although 
he  regarded  his  Lafayette  as  somewhat  more 
restricted  than  Hilgard's  Orange  sand,  it  is 
clear  that  he  included  in  the  Lafayette  the  beds 
now  known  as  the  Citronelle  formation.  This 
is  shown  by  numerous  references  to  the  locali- 
ties where  this  formation  is  at  the  surface,  by 
the  maps  accompanying  the  report,  and  by 
numerous  diagrams  showing  the  relations  of  the 
formations  exposed  on  the  Gulf  Coastal  Plain. 
The  accompanying  sections  (figs.  16  and  17) 
illustrate  the  relations  of  the  "Lafayette"  to 
older  and  to  younger  formations,  and  if  the 
thickened  portion  of  the  "Lafayette"  as 
represented  in  these  sections  is  separated  from 
a  portion  of  the  thin  layer  on  the  upland  it  will 
represent  approximately  the  Citronelle  forma- 
tion. As  the  present  report  does  not  deal  with 
the  major  portion  of  the  deposits  coating  the 
surface  of  the  upland,  it  has  seemed  best  to 
omit  them  from  the  discussion. 

1  McQee,  W  J,  Three  formations  of  the  middle  Atlantic  slope:  Am. 
Jour.  Soi.,  3d  ser.,  vol.  35,  p.  330. 1888. 

a  Hilgard,  £.  W.,  Orange  sand,  Lagrange,  and  Appomattox:  Am. 
Geologist,  vol.  8,  pp.  129-131, 1891. 

I  Berry,  E.  W.,  The  Lafayette  formation:  Jour.  Oeology,  vol.  19,  pp. 
249-256,  1911. 

*  Hilgard,  E.  W.,  op.  cit.,  p.  131. 

ft  McGee,  W  J,  The  Lafayette  formation:  U.  S.  Oeol.  Survey  Twelfth 
Ann.  Rept.,  pt.  1,  pp.  430-501, 1891. 
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After  the  appearance  of  the  report  by  McGee 
the  name  ** Lafayette"  was  adopted  by  writers 
on  Coastal  Plain  geology  and  soon  came  into 
general  use,  in  an  area  extending  from  Mary- 
land to  Rio  Grande.  The  present  report, 
however,  is  restricted  to  the  area  from  western 
Florida  to  eastern  Texas  and  does  not  deal 
with  the  Atlantic  border  of  the  Coastal  Plain 


though  some  of  the  superficial  materials  on  the 
older  Tertiary  and  the  Cretaceous  formations 
are  not  included  in  the  Citronelle.  In  dealing 
with  the  thin  coatings  of  weathered  sand  or 
clay  resting  on  the  older  beds  it  is  in  many 
places  difficult  to  obtain  enough  physiographic 
evidence  to  warrant  correlations,  because  of 
the  lack  of  topographic  maps. 


TuscalooMVRottan  lim«ceont  \ 


Ugnitic  Claiborne  Jadcion  Viehtburf  ftecagoulvvjCoiumbia 

buhrsten*  Lafiiyctte 


FiouBE  16.— Section  through  the  Coastal  Plain  in  western  Alabama;   generallxed  In  part  from  sections  constructed  and  described  by  E.  A. 

Smith  and  L.  C.  Johnson.    (After  McGee.) 


or  with  the  major  portion  of  the  region  west 
of  Sabine  River. 

Clendennin  *  discussed  the  '*  Lafayette  for- 
mation" as  developed  in  Louisiana,  and  the 
geographic  distribution  as  he  described  it  is 
much  the  same  as  that  of  the  Citronelle,  but 
this  author  followed  McGee  by  including  older 
materials  also. 


A  paper  by  Dall  and  Stanley-Brown  ^  gives 
details  of  a  number  of  sections  along  Apalachi- 
cola  River  in  Florida  and  notes  on  exposures 
at  Bainbridge  and  Macon  in  Georgia.  In  this 
paper  the  upper  member  of  each  of  the  sections 
on  Apalachicola  River  is  called  Lafayette,  and 
these  beds  are  correlated  with  the  exposures 
farther  north.     If  any  of  these  exposures  are  to 


Tombigbee    Ripley       Ugnitic 


Claiborne      Jackson  and 
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FiQUKB  17.~Section  through  the  Coastal  Plain  In  the  BUsslssippl  embayment;  generalized  in  part  from  sections  constructed  and  described 

by  E.  W.  Hilgard  and  L.  C.  Johnson.    (After  McGee.) 


The  ''Lafayette"  in  Alabama  was  described 

by  Smith,'  who  simimarized  its  distribution  as 

follows: 

While  the  materials  of  the  Lafayette  fonnation  are  to  be 
found  as  a  superficial  covering  over  the  entire  Coastal 
Plain  of  the  State;  that  is,  over  all  the  Tertiary  and  Cre- 
taceous strata,  lapping  in  places  even  far  over  upon  the 
edges  of  the  Carboniferous  and  other  Paleozoic  terranes — 
it  is  only  in  the  two  Gulf-bordering  counties,  Mobile  and 
Baldwin,  that  we  find  it  forming  one  of  the  structural  units, 
intercalated  between  the  Biloxi  and  Second  Bottom 
deposits  above  and  the  fossiliferous  clayey  sands  of  the 
Pascagoula  horizon  below. 

The  portion  of  the  ** Lafayette"  which  this 
author  called  a  structural  unit  belongs  to  the 
Citronelle  formation,  and  some  portions  of 
what  lies  above  the  older  formations  to  the 
north    may    be    outliers    of    this    formation, 

1  Clendennin,  W.  W.,  The  Florida  Parishes  of  east  Louisiana  and  the 
blufl,  prairie,  and  hill  lands  of  southwest  Louisiana:  Louisiana  Geol. 
Survey,  pt  3,  pp.  187-192, 1802. 

I  Smith,  £.  A.,  Johnson,  L.  C,  and  Langdon,  D.  W.,  Jr.,  Report  on 
the  geology  of  the  Coastal  Plain  of  Alabama,  p.  66,  Alabama  Geol.  Sur- 
vey, 18M. 
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be  classed  with  the  Citronelle  formation  it  is  the 
upper  part  of  the  section  at  Alum  Bluff,  thoiigh 
from  their  conformity  with  the  clays  resting  on 
the  Miocene  the  fine  sands  and  clays  forming 
the  upper  portion  of  the  bluff  are  beUeved  to  be 
older  than  Pliocene. 

The  Citronelle  formation  in  Louisiana  is 
included  in  the  beds  called  '^  Lafayette  forma- 
tion" by  Harris,*  who  made  special  reference  to 
the  occurrence  of  this  formation  on  the  east  side 
of  Mississippi  River  and  in  the  '*  Florida  par- 
ishes." A  large  part  of  the  information  in  this 
report  seems  to  have  been  gleaned  from  the 
earUer  publications  by  former  geologists  of 
Louisiana  and  from  the  comprehensive  paper  by 
McGee.  The  information  concerning  the  ter- 
ritory covered  by  this  formation  west  of  the 

1  Dall,  W.  H.,  and  Stanley-Brown,  Joseph,  Cenosoic  geology  along 
the  Apalaohicbla  River:  Geol.  Boc.  America  Bull.,  vol.  5,  pp.  169-170, 
1894. 

i  Harris,  O.  D.,  Geology  and  agriculture  of  Louisiana:  Louisiana 
Geol.  Survey,  pt.  5,  pp.  99-107, 1990. 
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Mississippi  is  somewhat  less  complete  than  that 
about  the  area  east  of  the  river,  but  special 
mention  is  made  of  the  gravel  pit  in  the  south- 
em  part  of  Rapides  Parish.  Another  paper  by 
the  same  author  was  published  in  one  of  the 
subsequent  reports  of  the  Louisiana  Geological 
Survey.*  This  paper  is  devoted  very  largely 
to  a  discussion  of  the  theories  of  the  origin 
of  the  '^Lafayette  formation,"  with  some  men- 
tion of  the  distribution  of  the  beds  referred  to 
it.  The  localities  noted  in  the  area  covered  by 
the  Citronelle  formation  are  Neame,  where  the 
beds  are  over  275feet  above  sea  level;  Sulphur, 
where  the  same  deposits  are  reported  to  occur 
in  a  well  extending  to  a  depth  of  more  than  400 
feet  below  sea  level;  and  Morgan  City,  where 
they  extend  to  a  depth  of  more  than  500  feet. 
The  relations  of  these  deposits  are  shown  graph- 
ically in  a  diagram  of  the  country  from  a  point 
north  of  Jackson,  Miss.,  southward  through 
Tangipahoa,  Amite,  and  Hammond  to  the 
GuK. 

The  reports  by  Crider'  afford  little  addi- 
tional information  concerning  the  Citronelle 
deposits.  This  author  included  in  the  ''La- 
fayette formation"  the  beds  in  the  southern 
part  of  Mississippi  belonging  to  the  Citronelle 
formation  and  stated  that  they  were  reported 
to  attain  a  thickness  of  over  200  feet. 

Veatch'  dealt  in  considerable  detail  with 
the  ''Lafayette  formation"  in  Louisiana,  in- 
cluding in  this  formation  beds  belonging  to  the 
Citronelle,  as  shown  by  his  diagram  and  by  his 
statement  of  the  detailed  distribution  of  the 
formation.    He  said: 

South  of  the  Catahoula  and  Fleming  formations  these 
sands  and  gravels  form  the  surface  for  miles  and  then  pas 
southward  beneath  the  more  recent  clays  of  the  Quater- 
nary, forming  there  the  water-bearing  beds  which  furnish 
a  portion  of  the  waters  used  in  the  irrigation  of  that  region. 

It  is  possible  that  in  addition  to  the  beds 
described  in  this  quotation  some  of  the  de- 
posits classed  as  Lafayette  lying  north  of  the 
area  described  are  outliers  of  the  Citronelle 
formation. 


1  Harris,  O.  D.,  Geology  and  agriculture  of  Louisiana:  Louisiana 
Oeol.  Surrey,  pt.  6,  pp.  32-36, 1902. 

>  Crlder,  A.  F.,  and  Johnson,  L.  C,  Summary  of  the  underground- 
water  xesouroes  of  Mississippi:  U.  S.  Oeol.  Surrey  WaUr-Supply  Paper 
159,  pp.  12-13,  1906.  Crider,  A.  F.,  Geology  and  mineral  resourou  of 
Mississippi:  U.  S.  Oeol.  Survey  Bull.  283,  pp.  44-46, 1906. 

*  Veatch,  A.  C,  Geology  and  underground  water  resources  of  north- 
ern Louisiana:  Louisiana  Geol.  Survey  Bull.  4,  pp.  43-45^  1906. 


In  1907  Smith  ^  discussed  the  '' Lafayette  for- 
mation/' which  he  made  to  include  the  area 
imderlain  by  the  Citronelle  formation.  The 
term  '^Lafayette  formation''  as  used  in  this 
report  is  not  synonymous  with  Citronelle  for- 
mation, but  some  of  the  beds  covering  a  por- 
tion of  the  ''Grand  Oulf"  and  lying  south  of 
the  northern  margin  of  that  formation  may 
belong  to  the  Citronelle. 

MatAon  and  Clapp'  discuss  the  ''Lafayette 

formation"  in  Florida  in  a  general  way.    The 

Citronelle  formation  comprises  only  a  minor 

part  of  the  area  assigned  to  the  "Lafayette" 

in  Florida  and  is  not  included  in  any  of  the 

detailed  sections  given.    Li    this  report  the 

name  "Lafayette"  is  used  for  the  weathered 

portions  of  deposits  of  Oligocene,  Miocene,  and 

PUocene  age  and  for  surface  deposits  of  various 

ages. 

STRATIGRAPmC  RELATIONS. 

The  Citronelle  formation  rests  upon  the 
Pascagoula  clay  (Miocene)  and  overlaps  the 
Oligocene  formations.  Wherever  the  contact 
with  the  underlying  formations  has  been  ob- 
served it  is  marked  by  an  unconformity,  the 
older  formations  having  been  eroded  before  the 
deposition  of  the  Citronelle  formation.  (See 
PI.  XXXII.)  The  seaward  margin  of  the 
Citronelle  formation  is  overlain  by  beds  of 
Pleistocene  age,  and  contacts  between  the 
PUocene  and  younger  beds  can  be  seen  at  many 
places.  They  show  a  marked  unconformity, 
the  Citronelle  formation  having  been  eroded 
and  the  materials  derived  from  it  having  been 
incorporated  with  materials  from  other  sources 
to  form  the  deposits  of  Pleistocene  age.  (See 
PL  XXXIII.)  The  imconformity  may  also 
be  inferred  from  the  fact  that  the  Pleistocene 
deposits  form  terraces  along  the  seaward  mar- 
gin of  the  Citronelle  formation  and  extend  into 
the  valleys  of  the  major  breams,  reaching  en- 
tirely across  the  Citronelle  and  resting  upon 
the  still  older  formations.  The  relation  of  the 
Citronelle  to  the  other  formations  of  the  Gulf 
Coastal  Plain  is  shown  in  the  accompanying 
table. 

The  Citronelle  formation  differs  from  both 
the  older  and  the  yoimger  formations  in  being 

1  Smith,  E.  A.,  The  underground  water  reeouroes  of  Alabanu,  pp. 
34-25, 302^16,  Alabama  OeoL  Survey,  1907. 

>  Matson,  G.  C,  and  Clapp,  F.  G.,  A  preliminary  report  on  the  geology 
of  Florida,  with  special  reference  to  the  stratigraphy:  Florida  Oeol. 
Survey  Second  Ann.  Rept,  pp.  141-145, 1009. 
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predominantly  sandy^  with  many  lenses  and 
scattered  pebbles  of  chert  gravel.  To  under- 
stand fully  the  application  of  the  name  it  \s 
necessary  to  know  the  mode  of  deposition  of 
the  formation.  After  the  Miocene  strata  had 
been  laid  down  the  Coastal  Plain  was  eroded 
into  broad^  shallow  valleys  having  approxi- 
mately the  same  positions  as  those  of  the  pres- 
ent streams.  These  valleys  were  filled  by  the 
deposition  of  PUocene  alluvial  sands  and  grav- 
els, and  near  the  coast  the  deposits  were  ex- 
tended across  the  interstream  areas.  This 
filling  formed  a  broad  plain,  which  was  later 
partly  eroded,  while  at  the  same  time  the 
margin  of  the  formation  was  pushed  farther 
seaward  and  three  successively  lower  plains 
were  built,  their  sediments  resting  on  the  older 
deposits.  The  original  deposit  formed  a  sea- 
ward-sloping plain,  and  each  successive  addi- 
tion formed  a  new  plain,  which  was  represented 
also  in  the  stream  valleys.  (See  PI.  XXXII.) 
Some  portions  of  the  deposits  were  doubtless 
reworked  by  the  waves,  especially  in  the  inter- 
stream areas,  and  this  accoimts  for  the  more 
complete  rounding  of  the  pebbles  in  portions 
of  the  seaward  areas  of  the  formation  than  in 
the  stream  valleys  and  the  development  of 
flat  plains  with  shallow  ponds  in  the  inter- 
stream areas.  The  closing  stage  of  the  depo- 
sition of  the  successive  plains  is  marked  by  the 
fine  sandy  silts  laid  down  at  flood  stages  while 
the  streams  were  eroding  their  beds  to  lower 
levels.  The  deposition  was  pushed  far  sea^ 
ward  in  some  places,  as  shown  by  sands  with 
Pliocene  fossils  at  Pensacola  and  Mobile  and 
by  a  leaf-bearing  clay  at  Red  Bluff,  on  Perdido 
Bay,  Ala. 

The  sediments  included  in  the  Citronelle 
formation  have  sometimes  been  referred  to  the 
Pleistocene  because  of  their  physiographic  re- 
semblance to  the  terraced  deposits  of  Pleisto- 
cene age.  The/  differ  from  the  Pleistocene 
deposits  of  the  Gulf  coast,  however,  by  being 
more  sandy  and  containing  more  gravel.  The 
evidence  of  their  greater  age  is  shown  by  their 
mature  dissection,  which  in  general  exceeds  that 
of  the  coast  Pleistocene  and  glacial  deposits,  and 
by  the  weathered  condition  of  the  pebbles,  many 
of  which  are  composed  of  chert  so  completely 
decomposed  as  to  break  or  even  crumble 
easily  in  the  hand.  The  Pliocene  age  is  further 
shown  by  the  presence  of  the  Pliocene  fossil 
plants,  those  at  Red  Bluff  showing  that  the  depo- 


sition was  originally  extended  some  distance 
beyond  the  southern  margin  of  the  general 
area  shown  in  figure  15  (p.  168),  and  that  the 
Pleistocene  material  was  later  deposited  upon 
the  eroded  siuf  ace  of  the  Citronelle.  The  line 
between  the  Pliocene  and  Pleistocene  plains 
is  drawn  between  the  150-foot  and  200-foot 
terraces.  The  Pleistocene  age  of  the  plains  at 
lower  levels  is  shown  by  their  slight  dissection 
and  by  the  presence  of  crystalline  pebbles  in 
the  fluviatile  portion  of  the  150-foot  terrace 
at  Natchez,  Miss. 

The  150-foot  terrace  rises  gradually  landward 
to  170  feet  or  more,  and  its  representatives  in 
the  river  valleys  are  still  higher,  attaining  ele- 
vations of  somewhat  more  than  200  feet  a  short 
distance  from  the  coast.  Deposits  of  this  ter- 
race contain  the  pebbles  of  crystalline  rocks  at 
Natchez — the  Natchez  formation. 

The  Pliocene  plains  are  more  eroded  than  the 
Pleistocene  plains  and  when  compared  in  the 
same  area  they  may  be  distinguished  by  this 
difference.  The  Pliocene  material  was  con- 
siderably eroded  before  the  formation  of  the 
uppermost  Pleistocene  terrace,  and  relatively 
wide  valleys  .were  developed  even  on  some  of 
the  small  streams.  The  formation  of  the 
Pleistocene  terraces  was  begun  by  a  submerg- 
ence that  affected  the  drainage  some  distance 
from  the  coast  and  resulted  in  the  formation  of 
flat,  swampy  areas  along  most  of  the  streams. 
These  readjustments  in  drainage  conditions  are 
still  marked  by  swamps  in  many  of  the  small 
stream  valleys  in  southern  Alabama,  Missis- 
sippi, Louisiana,  and  southeastern  Texas,  the 
flat-bottomed  •  valleys  being  overgrown  by 
swamp  vegetation  through  which  the  streams 
meander  in  very  poorly  defined  channels. 

LTTHOLOGY. 

The  Citronelle  formation  is  predominantly 
sandy  but  contains  varying  amounts  of  clay  in 
the  form  of  thin  layers  or  lenses.  (See  PL 
XXXIV.)  The  relative  proportion  of  ma- 
terials of  different  kinds  varies  from  place  to 
place,  and  in  any  one  section  it  varies  from  top 
to  bottom,  though  in  general  sand  is  every- 
where abundant  (see  Pis.  XXXV  and  XXXVI), 
and  at  many  places  there  is  some  gravel.  The 
proportion  of  sand  is  greatest  near  the  base, 
and  the  formation  contains  more  sandy  ma- 
terial in  the  vicinity  of  the  principal  drainage 
lines  than  in  the  interstream  spaces.     There  is 
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also  a  larger  percentage  of  sand  and  gravel  near 
the  landward  than  the  seaward  margin  of  the 
formation  (see  Pis.  XXXVII  and  XXXVIII), 
though  in  making  comparisons  it  is  necessary  to 
consider  large  masses  and  to  choose  localities 
bearing  about  the  same  relations  to  the  prin- 
cipal lines  of  drainage,  because  more  sand  and 
gravel  will  be  found  in  the  vicinity  of  large 
streams  near  the  coast  than  on  some  of  the  inter- 
stream  spaces  farther  inlanH. 

The  sands  of  the  Citronelle  formation  are  suf- 
ficiently rounded  to  indicate  that  they  have 
been  subjected  to  extensive  attrition.  The 
pebbles  vary  greatly  in  degree  of  rounding; 
many  of  them  are  much  waterwom  and  resem- 
ble pebbles  found  on  the  beach,  others  are  only 
slightly  rounded,  and  still  others  are  subangular. 
The  sand  is  predominantly  quartz,  and  the  peb- 
bles in  the  Mississippi  embayment  are  mostly 
chert,  with  a  somewhat  smaller  percentage  of 
crystalUne  quartz  and  quartzite.  Many  of  the 
chert  pebbles  contain  cavities  Uned  with  chal- 
cedony in  the  form  of  agates  or  geodee,  and  a 
large  nimiber  of  them  are  fossiUferous,  contain- 
ing fragments  of  corals,  orinoid  stem,  and  other 
organic  remains  such  as  are  common  in  the 
Paleozoic  limestones  and  chert.  In  Alabama 
there  are  many  pebbles  of  quartz,  with  a  subor- 
dinate percentage  of  quartzite,  but  in  some 
places  chert  pebbles  are  numerous.  In  western 
Louisiana  the  pebbles  are  mostly  quartz  with 
some  admixture  of  chert. 

Certain  peculiarities  in  the  distribution  of 
materials  in  the  Citronelle  formation  are  worthy 
of  mention.  In  Mississippi  the  outliers  are  in 
general  composed  of  coarse  subangular  chert 
gravel,  with  a  varying  percentage  of  small, 
well-rounded  quartz  pebbles.  In  Louisiana 
and  Alabama  quartz  gravel  is  common.  The 
coarse  pebbles  have  in  a  measure  the  same 
composition  and  evidently  came  from  a  com- 
mon source,  and  the  same  is  true  of  the  fine 
pebbles.  The  coarse  subangular  fragments 
are  mostly  chert  and  have  been  subjected  to 
fluviatile  wear  with  very  little  subsequent 
rounding  by  waves,  but  many  of  the  finer,  well- 
rounded  pebbles  are  quartz  and  have  doubtless 
been  shaped  by  prolonged  subaqueous  erosion. 
Probably  the  subangular  material  was  brought 
directly  from  its  original  source,  and  the  fine, 
well-rounded  material  was  subjected  to  wave 
erosion  by  being  deposited  in  some  one  or 


more  of  the  older  formations  of  the  Coastal 
Plain,  from  which  it  was  obtained  by  Pliocene 
streams.  This  conclusion  seems  warranted 
because  the  gravel  is  a  poorly  assorted  aggre- 
gate of  material  of  all  sizes  from  sand  to  peb- 
bles an  inch  or  two  in  diameter.  (See  Pis. 
XXXIX,  XL,  and  XLI.)  If  the  gravel  had 
been  subjected  to  wave  action  during  Pliocene 
time  it  would  have  been  assorted,  and  it  is 
therefore  inferred  that  the  perfect  rounding  of 
the  small  pebbles  was  accomplished  by  wave 
action  during  earlier  geologic  periods. 

The  clays  vary  greatly  in  character,  some  of 
the  beds  being  relatively  pure  and  others  dis- 
tinctly sandy.  On  the  whole  the  sandy  clays 
predominate,  and  in  many  places  thin  layers 
of  sand  are  foimd  in  the  clay  beds. 

The  Citronelle  formation  has  a  very  wide 
range  in  color.  Doubtless  when  fresh  some 
of  the  materials  included  in  the  foimation  were 
either  blue  or  gray  with  small  percentages  of 
red  and  yellow,  but  nearly  all  the  exposures 
available  for  observation  at  the  present  time 
have  been  subjected  to  so  much  weathering 
that  the  original  colors  have  been  partly  or 
wholly  obliterated.  The  sands  in  most  of  the 
sections  are  either  orange  or  red,  though  near 
the  surface  some  of  them  are  yellow.  This 
predominance  of  the  orange  and  red  colors  on 
weathered  surfaces  led  to  the  designation  of 
the  materials  in  this  formation,  either  wholly 
or  in  part,  as  ^'Orange  sand.''  The  clays  vary 
in  color  according  to  the  degree  of  weathering 
to  which  they  have  been  subjected,  beds  that 
have  been  buried  to  sufficient  depth  to  protect 
them  from  the  oxidizing  effect  of  the  atmos- 
phere or  surface  water  being  either  pale  blue 
or  gray.  Where  the  oxidation  has  been  slight 
they  are  mottled,  the  first  change  producing 
spots  or  blotches  of  a  light-red  or  peculiar  pur- 
plish color.  As  the  process  of  weathering  con- 
tinues the  purple  color  disappears  and  a  deep- 
red  color  predominates,  and  still  further  weath- 
ering changes  the  red  color  to  pale  yellow. 
The  iron  in  the  clay,  which  presumably  causes 
the  coloring,  changes  during  the  process  of 
oxidation  to  hydrous  oxide,  and  on  complete 
weathering  of  the  clay  to  a  yellow  color  the 
iron  becomes  more  or  less  aggregated  into 
nodules  of  varying  sizes.  Somewhat  similar 
aggregations  of  iron  hydroxide  occur  in  the 
sands  in  the  form  of  concretions  and  geodes, 
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or  as  shells  inclosing  cores  of  day.  In  other 
places  the  iron  accumulates  in  the  form  of 
plates  cementing  thin  layers  of  sand  or  as  a 
filling  for  more  or  less  definite  cracks  that 
cross  the  strata  at  high  angles.  Where  the 
iron  hydroxide  is  disseminated  among  the  sand 
grains  or  pebbles  it  transforms  the  bed  into  a 
sandstone  or  conglomerate.  This  cementation 
apparently  takes  place  near  the  surface  and  as 
a  rule  does  not  extend  for  any  great  distance 
along  a  bed,  so  that  in  most  places  the  sand- 
stone and  conglomerate  are  in  the  form  of 
blocks  of  vaiying  sizes.  (See  PL  XXXVIII, 
A.)  The  irregularity  in  size  and  shape  of  these 
blocks  usually  prevents  them  from  being  util- 
ized in  constiuction,  even  where  they  are  firmly 
cemented,  but  south  of  Citronelle,  at  the  28- 
mile  siding  on  the  Mobile  &  Ohio  Railroad,  a 
hard  sandstone  belonging  to  this  formation 
has  been  quarried  to  a  depth  of  over  5  feet,  and 
the  rock  obtained  at  this  locality  has  been  used 
in  the  construction  of  a  church. 

The  texture  of  the  formation  in  any  particu- 
lar locaUty  depends  entirely  on  the  arrange- 
ment and  relative  percentages  of  the  different 
kinds  of  materials.  In  general,  the  sands  form 
more  or  less  continuous  beds  containing  lenses 
of  pebbles  or  clay  that  in  some  places  have 
considerable  horizontal  extent  and  in  others 
are  limited  to  only  a  few  feet.  Many  clay  lenses 
are  only  a  few  feet  to  a  few  rods  in  extent, 
though  in  places  they  interlock  with  other  lenses 
lying  above  and  below  them,  and  in  that  way 
present  the  appearance  of  a  continuous  bedj 
imless  it  is  possible  to  examine  the  section  in 
detail.  In  the  sands  cross-bedding  and  cross 
lamination  are  the  rule  rather  than  the  excep- 
tion, the  layers  of  clay  and  pebbles  in  many 
places  being  inclined  at  high  angles.  Smooth, 
even  bedding  is  comparatively  rare  except  in 
the  clay  lenses. 

In  this  formation,  as  in  many  others,  pebbles 
of  clay  are  common,  occurring  at  many  strati- 
graphic  horizons  and  having  a  wide  geographic 
distribution.  Most  of  them  are  more  or  less 
perfectly  rounded  balls  of  clay  embedded  in 
sand  in  such  a  way  as  to  form  a  lenticular  clay 
conglomerate.  In  places  there  are  more  or  less 
rounded  blocks  of  clay  in  which  the  original 
lamination  is  still  preserved.  Here  and  thore 
this  lamination  coincides  in  direction  with  that 
of  the  sands,  but  as  a  rule  it  differs.     Doubtless 


many  of  the  pebbles  were  eroded  from  the 
subjacent  clay  by  the  currents  that  transported 
the  sand.  Some  of  the  pebbles  and  probably 
most  of  the  angular  fragments  were  derived 
from  the  imdercutting  of  small  cliffs  developed 
by  waves  or  currents.  (See  PI.  XLII.)  This 
explanation  for  blocks  of  clay  embedded  in 
sand  was  first  suggested  by  T.  Wayland 
Vaughan  *  to  account  for  similar  clay  frag- 
ments found  in  some  of  the  sands  of  the  Wilcox 
formation,  but  it  is  also  apphcable  to  such  clay 
fragments  in  the  Gtronelle  formation. 

STRUCTURE. 

In  the  Gtronelle  formation  the  arrangement 
of  the  sediments  in  lenticular  beds  makes  it 
impossible  to  determine  the  structure  by  ob- 
servations on  the  elevation  of  beds  (see  Pb. 
XXXIX,  Af  and  XL,  B)  except  at  a  few  local- 
ities where  the  conditions  are  unusually  favor- 
able. The  prevalence  of  cross  lamination  and 
cross-bedding  renders  determinations  of  dip 
with  a  clinometer  valueless  because  the  in- 
clinations observed  may  not  agree  in  direction 
with  the  dip  of  the  beds,  and  they  may  vary 
in  direction  or  be  in  opposite  directions  in  a 
single  section.  Under  such  unfavorable  con- 
ditions the  recognition  of  local  structural  fea- 
tures is  everywhere  difficult  and  in  most  places 
impossible. 

The  inclination  of  the  base  of  the  formation 
can  be  measured  in  many  places,  especially 
near  the  landward  margin.  The  results  of  such 
measurements  show  that  the  dip  is  not  uniform, 
and  in  addition  to  irregularities  resulting  from 
deposition  on  an  uneven  surface  there  is  a  gen- 
eral increase  in  the  rate  of  inclination  of  the 
base  of  the  formation  toward  the  coast.  These 
facts  are  well  shown  by  the  section  across  south- 
western Mississippi  and  eastern  Louisiana, 
where  the  contact  of  the  Citronelle  with  the 
older  formations  descends  at  an  average  rate 
of  a  little  less  than  6  feet  to  the  mile  from  a 
point  6  miles  north  of  Wesson  to  Osyka,  Miss., 
and  at  a  much  higher  rate  from  Osyka,  Miss., 
to  Hanmiond,  La.  (See  PI.  XXXII.)  Other 
sections  show  steeper  incUnations,  but  they 
are  based  on  less  accurate  and  less  detailed 
information.  The  base  of  the  Citronelle  forma- 
tion near  the  coast  is  drawn  at  the  transition 

1  Unpublished  notes. 
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from  sands,  sandy  clays,  and  gravel  to  finer- 
grained  sediments,  chiefly  clays,  containing 
characteristic  fossils  of  the  Pascagoula  clay, 
and  the  correlations  are  probably  approximately 
correct,  though  there  may  be  errors  of  a  few 
feet  in  the  position  of  the  contact  because  of 
slight  inaccuracies  in  the  well  logs  used  for  the 
purpose  of  obtaining  measurements  of  depths 
to  the  base  of  the  Citronelle  formation.  Where 
the  computations  of  the  rate  of  dip  of  the  base 
of  the  formation  are  made  on  a  line  several 
miles  in  length,  the  amount  of  error  in  the  rate 
per  mile  is  minimized. 

The  actual  dip  of  any  portion  of  the  forma- 
tion may  be  less  than  the  inclination  of  the 
base,  because  deposition  probably  began  near 
the  coast  and  was  gradually  extended  inland. 
This  is  suggested  by  the  fact  that  the  coarse 
gravels  that  form  outliers  along  the  landward 
margin  of  the  formation  rest  on  finer  deposits 
belonging  to  the  Citronelle  farther  south.  For 
example,  the  coarse  gravel  rests  on  the  Pas- 
cagoula clay  near  Wesson,  but  at  Brookhaven 
it  overlies  about  130  feet  of  red  sand  with  inter- 
bedded  clay  that  is  included  in  the  Citronelle. 
The  gravels  are  covered  near  Summit  by  still 
yoimger  sediments  that  are  more  argillaceous 
than  those  below. 

Near  the  coast  the  upper  portion  of  the 
formation  was  laid  down  on  the  seaward  slope 
of  the  earlier  deposits,  and  in  this  portion 
the  actual  dip  is  probably  greater  than  the  dip 
of  the  base  of  the  formation.  In  the  absence 
of  reliable  data  to  use  in  computing  the  true 
dip,  however,  it  seems  best  to  give  the  inclina- 
tion of  the  base.  The  exact  dip  of  the  base 
of  the  formation  is  not  easy  to  determine, 
because  near  the  coast  there  are  no  exposures 
that  reach  the  contact  with  the  Pascagoula 
formation  and  it  is  difficult  to  interpret  the 
information  supplied  by  some  of  the  logs  of 
weUs.  Such  computations  as  have  been  made 
give  discordant  results  that  are  probably  not 
entirely  due  to  the  incomplete  information 
but  are  partly  explained  by  local  variations 
in  the  rate  of  dip. 

In  the  northern  part  of  Mobile  County,  Ala., 
the  base  of  the  Citronelle  formation  is  about 
240  feet  above  sea  level,  and  at  Citronelle,  4 
miles  south  of  the  coimty  line,  the  contact 
with  the  underlying  Pascagoula  clay  is  at 
220  feet  above  sea  level,  giving  an  average  in- 
clination of  about  5  feet  to  the  mile.     From 


Citronelle  southward  to  Semmes  the  contact 
descends  from  220  feet  above  sea  level  to  92 
feet  below  sea  level,  or  at  the  rate  of  about 
16  feet  to  the  mile. 

At  Laine,  Miss.,  where  the  surface  is  about 
10  feet  above  sea  level,  characteristic  fossils 
of  the  Pascagoula  formation  were  obtained 
from  the  De  Lamorton  well  at  a  depth  of  615 
feet  ( ?),  and  the  base  of  the  gravel  beds  was 
reached  at  605  feet.  This  well  is  53  miles 
S.  28**  W.  from  the  place  in  Mobile  County, 
Ala.,  where  the  elevation  of  the  base  of  the 
formation  was  determined,  indicating  a  dip 
of  nearly  16  feet  to  the  mile,  provided  the  gravel 
reached  in  the  well  is  at  the  base  of  the  Citron- 
elle formation;  but  as  the  gravel  may  be  some- 
what above  the  contact  the  dip  thus  determined 
should  be  regarded  as  the  minimum  inclina- 
tion of  the  base  of  the  formation  rather  than 
the  exact  amount. 

Near  Maxie  the  base  of  the  Citronelle  forma- 
tion is  about  215  feet  above  sea  level,  and  at 
Bond,  6  miles  S.  20°  E.,  a  well  reached  the 
contact  of  this  formation  with  the  clays  of  the 
Pascagoula  at  an  elevation  of  115  feet.  The 
steep  dip  between  these  two  points,  nearly  17 
feet  to  the  mile,  is  explained  by  the  fact  that  the 
formation  was  deposited  on  an  uneven  surface. 
Computations  of  the  rate  of  dip  between  Maxie 
and  Laine  give  about  14  feet  to  the  mile,  and 
the  direction  is  about  S.  45°  E.  At  Fontaine- 
bleau,^  about  20  feet  above  sea  level,  fossils  be- 
longing to  the  Pascagoula  clay  were  obtained  in 
a  well  at  a  depth  of  500  feet.  These  fossils 
probably  came  from  beds  near  the  top  of  the 
Pascagoula,  and  they  show  that  the  dip  of  the 
Citronelle  formation  between  Maxie  and  Fon- 
tainebleau  is  between  14  and  15  feet  to  the  mile 
in  a  direction  S.  35°  E. 

In  western  Mississippi  measurements  of  the 
dip  of  the  Citronelle  formation  have  been  made 
fisher  inland  than  in  eastern  Mississippi  and  in 
Alabama.  (See  PI.  XXXII.)  Six  miles  north 
of  Wesson  the  base  of  the  formation  is  435  feet 
above  sea  level,  and  just  east  of  Brookhaven  it 
is  330  feet  above  sea  level.  Here  the  contact  of 
the  Citronelle  with  the  older  formations  de- 
scends about  115  feet  in  15  miles,  or  at  the  rate 
of  nearly  8  feet  to  the  mile.  From  Brookhaven 
to  Osyka  the  contact  descends  from  330  to  100 

i  Crlder,  A.  F.,  and  Johnson,  L.  C,  Bixxnmary  of  the  undergroand 
water  resources  of  Mississippi:  U.  8.  Oeol.  Survey  Water-Supply  Paper 
159,  p.  83,  lOOe. 
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t  SAND  CONTAINING  A  LENS  OF  CLAY,  WITH  A  PLATE  OF  SANDSTONE 
CEMENTED  WITH  LIMONITE  AT  THE  CONTACT  OF  THE  SAND  AND 
CLAV,    NORTHERN    ESCAMBIA    COUNTY,    FLA. 


u.  &  aEOLoatCAL  survev  professkmal  papea  m   plate  x 


A.    SAND    AND    CLAY,    FLOMATON,    ALA. 


B.    SAND    AND    GRAVEL,    FLOMATON,    ALA. 


PLIOOENE  OITBOKELLE  FOBA£ATION  OF  GULF  COASTAL  PLAIN. 


177 


feet  above  sea  level,  or  230  feet  in  about  39 
miles,  which  is  at  the  rate  of  6  feet  to  the  mile. 
From  Osyka  southward  the  dip  is  difficult  to 
determine  because  of  meager  information,  but 
it  apparently  becomes  steeper,  amounting  to 
approximately  810  feet  between  Osyka  and 
Hanmoiond,  a  distance  of  35  miles,  which  would 
be  at  an  average  rate  of  about  23  feet  to  the 
mile.  These  determinations  are  all  made  along 
a  line  extending  nearly  north  and  south. 

In  Louisiana  many  wells  have  been  drilled 
south  of  the  maj^gin  of  the  Citronelle  formation, 
but  the  materials  penetrated  in  most  of  them 
are  not  described  in  the  records  with  sufficient 
exactness  to  permit  correlations.  Between 
CenterviUe,  Miss.,  and  Bass,  La.,  the  rate  of  dip 
of  the  base  of  the  formation  is  about  19  feet  to 
the  mile,  and  it  must  increase  rapidly  toward 
the  south,  as  is  shown  by  the  great  thickness  of 
the  overlying  Pleistocene  deposits  at  New  Or- 
leans. Between  Osyka,  Miss.,  and  Bass,  La., 
the  rate  of  descent  is  about  10  feet  to  the  mile 
and  the  direction  about  southwest.  This  is  less 
than  the  slope  from  CenterviUe  to  Bass  and 
probably  indicates  that  there  was  a  delta  in  the 
Mississippi  Valley  during  this  epoch  rather  than 
an  embayment.  West  of  the  Mississippi  few 
data  that  can  be  used  in  computing  the  dips  of 
the  formation  have  been  obtained.  About  a 
mile  north  of  the  Jennings  oil  field,  where  the 
strata  are  undisturbed  and  the  surface  is  only 
about  25  feet  above  sea  level,  Miocene  fossils 
were  foimd  at  a  depth  of  1,960  feet.*  The  base 
of  the  Citronelle  formation  near  Woodworth, 
about  70  miles  north  of  the  Jennings  oil  fi^ld,  is 
approximately  140  feet  above  sea  level.  This 
would  give  a  dip  of  nearly  30  feet  to  the  mile, 
provided  the  f aima  found  near  Jennings  came 
from  the  top  of  the  Pascagoula  clay.  This  dip 
represents  a  maximimi,  and  the  actual  rate  of 
descent  between  the  two  points  is  probably  not 
so  great. 

The  figures  given  in  the  foregoing  discussion 
should  be  regarded  as  only  approximate  meas- 
ures of  the  rate  of  inclination  of  the  base  of  the 
fonnation.  The  general  dip  of  the  deposits 
beneath  the  Pleistocene  along  the  southern 
margin  of  the  formation  is  shown  in  Plate 
XXXII  and  amounts  to  less  than  20  feet  to  the 
mile.  The  general  dip  is  toward  the  south, 
though  there  are  doubtless  many  local  varia- 
tions in  direction.    Dips  determined  from  the 

1  Harris,  O.  D.,  Oil  and  gas  In  Loolaiana:  U.  8.  Geol.  Survey  Bull.  439, 
p.  58, 1910. 


elevations  of  the  bases  of  outliers  and  from  1(^ 
of  weUs  drilled  where  the  Citronelle  formation 
is  at  the  surface  are  much  lower  than  20  feet  to 
the  mile,  and  the  rat^  is  variable  because  the 
formation  was  deposited  on  a  surface  that  was 
uneven  and  had  a  steep  slope  near  the  Pliocene 
strand  line.  This  steep  slope  accounts  for  the 
fact  that  near  the  coast  the  dip  becomes  steeper, 
probably  exceeding  20  feet  to  the  mile.  In  the 
vicinity  of  New  Orleans  the  original  slope  near 
the  Pliocene  strand  line  may  have  been  in- 
creased by  subsidence  during  Pleistocene  time, 
as  shown  by  the  great  thickness  of  Pleistocene 
beds  (2,443  feet)  overlying  the  Tertiary  for- 
mations.^ 

The  thickness  of  the  Pleistocene  beds  at 
Fort  Morgan,  Ala.,  suggests  a  steep  descent  of 
the  PUocene  Citronelle  formation.  The  log  of 
the  well  at  that  place,  shown  in  Plate  XLIII, 
in  pocket,  was  made  from  a  series  of  samples 
of  drillings,  and  the  subjoined  list  of  fossils  was 
furnished  by  Mr.  Dall. 


FragmentB  of  echinoderms  and  two  Kecent 
shells,  Donax  vcaiabilia  Say  and  Paramya 
mbovata  Conrad 

Dentalium  acua  Dall,  Na$sa  acuta  Say,  Ervi- 
lia  sp.  junior,  Ostrea,  and  echinoid  frag- 
ments, all  Recent 

Recent  shells,  MvUnia  laUralis  ^ay,  Danax 
variahUia  Say,  Area  transversa  Say,  etc 

Recent  species,  Abra  aequalis  Say,  Area 
transversa  Say,  StrigUla  oamaria  Linn^, 
Mtdinia  latercdis  Say,  Leda,  Pecten,  and 
Dolium  fragments 

StrigUla  camaria  Linn6,  Recent : 

Ostrea  fragments 

Recent  species,  Ervilia  cf .  E.  nitens  Mont- 
gomery, Phaooides  crenella  Dall,  Mulinia 
lateralis  Say,  Diplodonta  sp.,  Modiolus 
demissus  fragments,  Gadulus  and  Cyma- 
tium  fragments 

Fragments  of  Phacoides,  Mulinia,  Ostrea, 
and  Marginalia  sp. ;  probably  Recent 

Divaricella  cf.  D,  dentata  Wood,  fragments; 
Mulinia  cf.  M.  lateralis  Say;  Cadulus  frag^ 
mentff;  and  Phacoides  sp.,  young;  prob- 
ably all  Recent 

Nassa  acuta  Say,  upper  Miocene  to  Recent. . 

Ostrea  fragments 

Conus  pealei  GreeUf  Recent 

Mulinia  lateralis  Say,  Recent  to  Miocene. . . . 

Chione  sp.,  fragments 

Ostrea  fragments,  Anachis  cf.  A.  avara  Say, 
and  a  fragment  of  Turritella  sp 


Depth  (feet). 
30-^2 


3(M0 
32-87 


100-112 
169-175 
175-256 


217^21 
322-337 


523-^70 
1, 076-1, 089 
1, 089-1, 121 
1, 244-1, 290 
1, 290-1, 330 
1, 350-1, 370 

1, 378-1, 573 


The  material  above  1,290  feet  is  nearly  all  Quaternary; 
that  below  may  possibly  be  Pliocene. 

1  Harris,  O.  D.,  op.  dt.,  p.  170. 
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This  well  is  35  miles  S.  35**  E.  from  St.  Elmo, 
where  the  Pliocene  reaches  an  elevation  of  130 
feet  above  sea  level.  The  surface  of  the  Gt- 
ronelle  formation  descends  about  1,220  feet 
between  these  two  points,  or  at  the  rate  of 
more  than  35  feet  to  the  mile,  but  the  original 
inclination  may  have  been  much  less,  because 
although  the  PUocene  has  been  eroded  at  both 
localities  the  amount  of  post-Phocene  erosion 
was  greater  at  Fort  Morgan,  which  is  near  the 
axis  of  Mobile  Bay. 

Near  Pensacola  the  available  information 
suggests  a  somewhat  lower  dip  for  the  top  of 
the  Citronelle  formation.  At  Pine  Orchard, 
nearly  7  J  miles  north  of  Pensacola,  the  top  of 
the  formation  is  about  160  feet  above  sea  level, 
and  about  4}  miles  south  of  Pensacola  the  shells 
obtained  at  a  depth  of  256  to  276  feet  below 
sea  level  were  tentatively  referred  to  the  PUo- 
cene by  Mr.  Dall.  This  indicates  a  maximum 
dip  of  416  feet  in  a  distance  of  about  12  miles, 
or  at  the  rate  of  about  35  feet  to  the  mile, 
approximately  toward  the  south. 

From  the  foregoing  statements  it  seems  evi- 
dent that  there  is  a  rapid  increase  in  the  rate 
of  inclination  of  the  top  of  the  Phocene  near 
the  coast  at  Pensacola  and  Mobile  and  north  of 
New  Orleans,  and  similar  conditions  doubtless 
prevail  along  the  entire  shore  line.  This  ap- 
parent steeper  dip  at  Pensacola  and  Mobile  is, 
however,  partly  explained  by  the  fact  that  in 
the  wells  cited  the  seaward  equivalent  of  the 
Gtronelle  formation  may  have  been  reached 
some  distance  above  the  level  of  the  fossil- 
bearing  beds.  Still,  even  after  liberal  allow- 
ances have  been  made  for  inaccuracies  due  to 
this  cause,  it  is  obvious  that  the  top  of  the 
Citronelle  formation  must  originally  have  had 
a  steep  seaward  slope  near  the  coast. 

THICKNESS. 

The  thickness  of  the  Citronelle  formation  is 
variable,  ranging  from  a  few  feet  near  the  land- 
ward margin  of  the  formation  to  several  hun- 
dred feet  near  the  coast.  Exact  determination 
of  the  thickness  near  the  coast  is  difficult 
because  it  is  necessary  to  rely  in  part  on  logs 
of  wells  for  data,  and  the  information  obtained 
from  this  source  is  not  entirely  satisfactory. 
The  uncertainty  is  increased  by  the  fact  that 
the  overlying  Pleistocene  beds  consist  of  sands 
and  clays  resembling  those  belonging  to  the 
Citronelle  formation. 


In  southern  Alabama  the  Citronelle  forma- 
tion forms  a  high  upland  reaching  nearly  350 
feet  above  sea  level,  and  in  the  adjacent  valleys 
the  older  formations  are  not  exposed  in  the 
valleys  where  the  elevation  is  less  than  100 
feet.  Thus  the  formation  may  have  a  thick- 
ness of  more  than  250  feet.  The  log  of  a  well 
drilled  about  12  miles  west  of  Mobile  shows 
sand  and  gravel  to  a  depth  of  245  feet  and  an 
additional  thickness  of  pink  sand  and  clay 
amounting  to  95  feet.  TTiis  gives  a  minimum 
thickness  of  245  feet  and  a  maximum  of  340 
feet. 

In  Mississippi  the  thickness  of  the  outliers  of 
the  Citronelle  formation  as  a  rule  does  not 
exceed  20  to  30  feet.  At  Bond  a  well  pene- 
trated 90  feet  of  sands  and  gravel  belonging  to 
this  formation  before  encoxmtering  the  under- 
lying Pascagoula.  The  De  Lamorton  well  at 
Laine  passed  through  sand  containing  some 
tree  trunks  at  a  depth  of  141  to  153  feet.  The 
materials  beneath  this  sand  are  described  as 
sand,  shale,  and  gumbo  to  a  depth  of  615  feet, 
where  Pascagoula  fossils  were  obtained.  These 
materials  included  a  gravel  bed  with  its  base 
at  605  feet,  and  if  this  is  at  the  base  of  the 
Citronelle  the  thickness  of  the  formation  at 
that  place  may  be  as  great  as  452  feet.  At 
Fontainebleau  the  Pascagoula  clay  was  reached 
at  a  depth  of  500  feet,^  and  as  the  Pleistocene 
beds  are  probably  as  thick  there  as  at  Laine, 
the  thickness  of  the  Citronelle  formation  at 
Fontainebleau  is  estimated  to  be  about  350 
feet. 

A  well  at  Osyka  passed  through  150  feet  of 
sand  and  gravel  belonging  to  the  Citronelle 
formation,  and  the  formation  has  an  addi- 
tional thickness  of  about  50  feet  beneath  the 
upland.  Farther  south,  at  Hammond,  the 
thickness  may  amount  to  several  himdred 
feet,  though  the  formation  is  not  readily  sep- 
arable from  the  Pleistocene,  and  accurate  de- 
termination of  thickness  is  impossible.  Near 
Brookhaven  the  Citronelle  formation  has  a 
thickness  of  about  130  feet,  but  it  thins  to  a 
few  feet  within  a  distance  of  20  to  30  miles 
farther  north. 

Information  concerning  the  thickness  of  the 
Citronelle  formation  in  Louisiana  is  meager. 
The  formation  has  been  observed  through  a 
vertical  range  of  over  150  feet,  and  may  safely 

iCrider,  A.  F.,  and  Johxison,  L.  C,  Undergroand  water  resouroea 
of  Mississippi:  U.  S.  Oeol.  Survey  Water-supply  Paper  159,  p.  32, 190G. 
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be  credited  with  a  minimum  thickness  of  that 
amoimt,  and  this  agrees  with  the  thickness  as- 
signed to  the  formation  in  the  well  at  Luding- 
ton.  (See  PL  XLIII,  in  pocket.)  East  of 
Mississippi  River  the  well  at  Bass  penetrated 
90  feet  of  yellow  clay  and  10  feet  of  sand,  like 
the  materials  exposed  at  Port  Hickey.  This 
portion  of  the  section  is  referred  to  the  Pleisto- 
cene. It  rests  on  220  feet  of  clay  that  is  re- 
garded as  the  southward  extension  of  the  clays 
found  in  the  upper  part  of  the  Citronelle  for- 
mation in  southern  Mississippi,  and  the  cherty 
sands  and  chert  gravels  immediately  below  this 
clay  may  safely  be  correlated  with  the  sand  and 
gravel  that  form  the  basal  part  of  the  Citro- 
nelle formation.  This  would  give  a  thickness 
of  400  feet  for  the  formation  at  Bass,  and  if  the 
subjacent  clay  is  included  the  thickness  is  still 
greater.  Near  the  coast  the  deposits  of  Pleis- 
tocene sand,  gravel,  and  clay  can  not  be  sepa- 
rated from  the  Citronelle  formation,  and  its 
thickness  has  not  been  determined,  though  it 
probably  thins  rapidly  in  that  direction. 

TOPOGRAPHY. 

QENESAL  FBATtTBES. 

The  Citronelle  formation  occupies  an  area 
where  the  characteristic  topography  of  the  sea- 
ward mai^in  of  the  Coastal  Plain  changes  to 
the  more  diversified  topography  of  the  Tertiary 
beds.  The  contrast  between  the  varied  physio- 
graphic expression  of  this  formation  and  the 
relatively  uneroded  terraces  of  Pleistocene  age 
fartiher  south  is  striking  and  would  serve  as  a 
basis  for  mapping  the  seaward  margin  of  the 
formation  except  where  remnants  of  the  PUo- 
cene  plains  have  been  preserved.  The  land- 
ward margin  of  the  formation  could  not  be  so 
readily  distinguished  by  this  method,  because 
the  topography  of  the  older  formations  is  simi- 
lar to  that  of  the  Citronelle. 

The  original  surface  of  the  formation  was  a 
series  of  plains  with  gentle  slopes  toward  the 
Gulf  (see  PI.  XXXII),  but  its  present  topog- 
raphy is  the  result  of  dissection  so  thorough 
that  only  a  small  percentage  of  the  area  remains 
level,  the  surface  being  mainly  reduced  to 
slopes  interrupted  by  terraces,  though  near  the 
coast  a  coating  of  materials  of  more  recent  age 
obsciu^es  the  original  surface.  The  general 
homogeneity  of  the  deposits  that  constitute  the 
formation  permits  the  drainage  channels  to  form 
under  the  influence  of  the  original  slope  and 


independent  of  the  stratigraphy.  Each  of  the 
major  streams  has  numerous  tributaries,  pro- 
viding a  dendritic  drainage  that  is  adequate  for 
nearly  all  the  area  covered  by  the  formation. 
In  a  few  places  may  be  seen  remnants  of  the 
original  surface  of  the  formation,  with  drainage 
so  deficient  that  they  are  partly  submerged 
during  periods  of  prolonged  rainfall.  On  these 
remnants  the  variations  in  level  are  so  slight 
that  they  are  scarcely  noticeable  except  where 
there  are  ponds  either  in  the  form  of  small 
roimded  or  elongated  depressions  overgrown 
with  cypress  and  other  swamp  vegetation. 

Some  of  the  higher  hills,  especially  those  with 
flat  tops,  are  remnants  of  the  surface  of  the 
oldest  plain,  and  by  noting  their  elevations  it 
is  in  places  possible  to  reconstruct  an  upland 
having  a  maximum  elevation  of  a  little  more 
than  500  feet  above  sea  level.  However,  some 
of  the  hills  are  mere  erosion  remnants,  the 
original  surface  having  been  wholly  removed, 
though  the  rate  of  degradation  has  been  sufli- 
ciently  uniform  locally  to  preserve  a  certain 
amount  of  uniformity  in  elevation  over  small 
areas.  This  condition  is  found  where  a  bed  of 
resistant  material,  such  as  gravel,  is  encoun- 
tered, and  a  general  seaward  inclination  results 
because  such  beds  have  a  sHght  dip  in  that 
direction.  The  slope  of  the  original  surface  of 
the  formation  remained  nearly  undisturbed 
after  the  time  of  deposition,  because  the  for- 
mation was  raised  bodily  to  its  present  height 
with  only  slight  change  in  attitude  resulting 
from  a  gentle  warping  of  its  surface.  The 
presence  of  remnants  of  terraces  in  the  valleys 
that  cross  the  Pliooene  upland  shows  that  the 
Citronelle .  formation  has  been  terraced  since 
the  formation  of  the  highest  plain.  The  lower 
plains  resemble  the  upper  one  in  topography, 
but  they  are  much  narrower  and  the  continuity 
of  their  deposits  with  those  beneath  the  upper 
plain  suggests  that  the  materials  of  the  lower 
plains  were  laid  down  in  the  closing  stages  of 
the  Pliocene. 

The  range  in  elevation  of  the  exposures  be- 
longing to  the  Citronelle  formation  amoimts  to 
over  450  feet,  because  the  formation  crops  out 
in  a  few  places  near  the  level  of  the  Gulf,  and 
its  outhers  cap  some  of  the  high  hills  in  the 
areas  imderlain  by  OHgocene  formations.  The 
average  difference  is  about  250  feet,  and  if  the 
upper  surface  of  the  formation  is  considered, 
the  range  is  from  about  170  feet  on  the  sea- 
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ward  margin  to  more  than  500  feet  on  some  of 
the  higher  outliers  farther  inland.  In  general, 
the  increase  in  altitude  is  comparatively  rapid, 
the  surface  rising  from  about  170  feet  to  ap- 
proximately 300  feet  within  a  distance  of  a  few 
miles,  and  upon  this  portion  of  the  formation 
narrow  seaward-faciog  plains  are  developed. 

PLAINS. 
SUBDIVISIONS  AND  OENEBAL  CHABACTEB. 

The  surface  of  the  Citronelle  formation  is 
divided  into  four  plains,  designated,  in  de- 
scending order,  the  Brookhaven  plain,  the 
Sardis  plain,  the  Canton  plain,  and  the  Loxley 
plain.  (See  PI.  XXXII.)  This  arrangement  is 
also  in  the  order  of  age,  the  Brookhaven  plain 
being  the  oldest  and  the  others  being  succes- 
sively younger.  Each  plain  may  be  divided 
into  two  portions  that  merge  with  each  other 
at  their  points  of  contact  and  may  be  called 
stream  terraces  and  interstream  plains.  It  has 
been  customary  to  speak  of  these  features  as 
fluviatile  and  marine,  though  the  propriety  of 
such  a  designation  may  well  be  questioned, 
because  some  portions  of  the  interstream  plains 
are  of  as  distinctly  fluviatile  origin  as  any 
portion  of  the  stream  terraces.  The  exact 
position  of  the  contact  between  the  deposits  of 
the  two  types  no  doubt  varied  during  the 
progress  of  deposition,  the  fluviatile  sediments 
being  pushed  beyond  the  limits  of  the  adjacent 
valley  walls  where  the  material  was  being 
carried  seaward  in  the  form  of  deltas  and 
retreating  into  the  valleys  where  estuaries 
were  developed.  For  these  reasons  the  terms 
stream  and  interstream,  although  arbitrary, 
are  used  instead  of  the  more  expressive  but 
less  accurate  terms  fluviatile  and  marine. 

BBOOKHAVEN  PLAIN. 
DXSTRXBXrTIOV. 

The  Brookhaven  plain,  named  from  Brook- 
haven, Miss.,  where  it  is  well  known,  is  the 
oldest  and  highest  of  the  Pliocene  plains  and 
formerly  occupied  an  area  larger  than  the 
combined  area  of  all  the  other  Pliocene  plains. 
Its  interstream  portion  forms  a  belt  from  10  to 
more  than  60  miles  in  width,  extending  from 
western  Florida  across  Alabama,  Mississippi, 
and  Louisiana  into  southeastern  Texas.  Tlie 
original  width  of  this  plain  can  not  now  be 
determined  accurately  because  some  portions 


of  the  deposit  have  been  removed  by  erosion, 
but  it  must  have  been  more  than  30  miles 
wide  north  of  the  Alabama-Florida  boundary 
and  60  miles  wide  in  western  Mississippi,  from 
which  it  narrowed  rapidly  to  somewhat  more 
than  10  miles  in  southeastern  Texas. 

The  stream  terraces  of  the  Brookhaven  plain 
are  not  weU  known  outside  of  the  Mississippi 
Valley,  where  they  have  been  studied  by 
E.  W.  Shaw.* 

ALTITTTDZ. 

Because  of  subsequent  erosion  and  deforma- 
tion the  altitude  of  the  Brookhaven  plain  as  it 
now  appears  is  variable,  being  from  about  350 
to  420  feet  above  sea  level  in  western  Alabama, 
from  420  to  more  than  520  feet  in  western 
Mississippi,  about  320  to  380  feet  in  southern 
Louisiana,  and  about  340  feet  in  southeastern 
Texas. 

The  landward  botmdary  of  the  plain  is  not 
marked  by  any  distinct  scarp  but  by  outliers 
of  sand  and  gravel,  locally  overlain  by  sandy 
clay.  These  outliers  are  widely  distributed,  but 
their  detailed  distribution  has  not  been  mapped. 

SLOPS. 

The  interstream  portion  of  the  Brookhaven 
plain  slopes  seaward  at  the  rate  of  about  6 
inches  to  the  mile,  though  local  variations 
are  to  be  foimd  in  places  where  the  surface  has 
been  eroded.  From  the  highest  point  on  this 
plain  in  western  Mississippi,  where  its  surface  is 
as  much  as  520  feet  above  sea  level,  the  plain 
slopes  eastward  to  about  420  feet  above  sea 
level  in  western  Alabama,  or  at  an  average  of 
about  6  inches  to  the  mile.  The  slope  from 
western  Mississippi  to  southeastern  Texas  is 
from  520  to  340  feet,  or  at  an  average  rate  of 
about  5  inches  to  the  mile,  in  a  direction  south 
of  west.  As  the  greater  portion  of  this  descent 
appears  to  be  in  the  eastern  portion  of  Loui- 
siana, the  actual  rate  of  slope  near  Mississippi 
River  may  have  been  nearly  a  foot  to  the  mile, 
though  the  subsequent  removal  by  erosion  of 
this  portion  of  the  plain  has  made  exact  deter- 
minations impossible.  The  width  of  this  plain 
in  Alabama  is  variable  but  is  much  less  than  in 
Mississippi,  and  the  slope  toward  the  south  is 
apparently  about  2  feet  to  the  mile. 

DISSZOTIOV. 

The  interstream  portion  of  the  Brookhaven 
plain  has  been  deeply  dissected  by  streams, 
and  the  original  surface  is  preserved  only  on  the 

>  Shaw,  E.  W.,  unpublished  notM. 
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divides  and  in  isolated  hills.  These  divides  are 
generally  in  the  form  of  even-topped  ridges  or 
in  some  localities  flat  areas  several  miles  in 
width.  A  large  proportion  of  this  dissection 
was  accomplished  during  the  closing  stages  of 
the  Pliooene,  and  the  valleys  developed  at  that 
time  have  not  been  broadened  except  at  a 
few  localities.  This  is  shown  by  the  fact  that 
the  Pliocene  plains  yomiger  than  the  Brook- 
haven  are  represented  by  stream  terraces 
in  the  valleys  that  cross  the  Brookhaven  plain. 

LrraoLooT  avd  boils. 

The  material  imderlying  the  Brookhaven 
plain  is  in  general  coarser  than  that  underlying 
the  younger  plains.  Fine  sediments,  how- 
ever, are  the  rule  on  the  surface  of  the  plain, 
and  the  soil  derived  from  them  is  either  loam 
or  sandy  loam,  with  subordinate  amounts  of 
clay.  Where  the  plain  has  been  sufficiently 
eroded  to  xmcover  the  coarse  gravels,  as,  for 
example,  near  Crystal  Springs  and  Hazlehurst, 
Miss.,  stony  or  gravelly  loams  are  common. 

8TBATIOKAPHI0  BZLATI0V8  OF  TBB  DSPOBITB. 

The  strata  forming  the  interstream  areas  of 
the  Brookhaven  plain  rest  unconformably  on 
the  underlying  formations,  of  upper  Tertiary 
age,  and  merge  with  the  material  beneath  the 
next  younger  (Sardis)  plain.  The  history  of 
the  formation  and  dissection  of  the  Brook- 
haven plain  forms  a  part  of  the  history  of  the 
Citronelle  formation,  as  a  whole,  which  is  dis- 
cussed elsewhere. 

SABDIS   PLAIN. 

Below  the  level  of  the  Brookhaven  is  an- 
other plain  that  is  well  developed  in  the 
vicinity  of  Sardis,  Miss.,  and  is  called  the 
Sardis  plain.  The  stream  terrace  of  this  plain 
in  the  Mississippi  Valley  north  of  the  latitude 
of  Vicksburg  has  been  studied  by  E.  W.  Shaw.* 

DZBTRXBUTIOH. 

Stream  terraces. — A  stream  terrace  of  the 
Sardis  plain  probably  originally  occupied  an 
area  in  the  Mississippi  Valley  extending  from 
eastern  Adams  County,  Miss.,  nearly  to  central 
Louisiana.  This  is  the  area  where  it  should 
have  been  widest,  because  here  it  was  formed  by 
the  combined  action  of  Mississippi  River  and 

>  Shaw,  E.  W.,  unpublished  notes. 


its  largest  tributaries  in  the  region.  Subse- 
quent erosion  has  reduced  this  terrace  to  a 
band  less  than  15  miles  wide  bordering  the 
east  side  of  Mississippi  River.  The  width  of 
this  terrace  on  Pearl  River,  farther  east  in  the 
same  latitude,  was  from  15  to  20  miles,  and  the 
width  on  both  Leaf  and  Chickasawhay  rivers, 
stLtl  farther  east,  was  nearly  as  great.  On 
Alabama  and  Tombigbee  rivers  in  Alabama 
this  terrace  was  apparently  twice  as  wide  as 
on  the  rivers  in  eastern  Mississippi.  In  Loui- 
siana the  stream  terraces  belonging  to  the 
Sardis  plain  have  been  so  much  dissected  by 
erosion  that  it  is  difficult  to  estimate  their 
width. 

Interstream  areas. — ^The  interstream  portion 
of  the  Sardis  plain  borders  the  southern  margin 
of  the  Brookhaven  plain  and  extends  from 
central  Alabama  westward  to  southeastern 
Texas.  In  western  Mississippi  it  has  a  breadth 
of  about  30  to  35  miles,  and  it  narrows  grad- 
ually eastward  to  the  Alabama-Florida 
boundary,  where  it  is  only  about  15  miles  wide. 
In  western  Louisiana  and  eastern  Texas  the 
interstream  areas  are  still  narrower,  having  an 
average  width  of  about  10  miles. 

ALTITUDE. 

The  altitude  of  the  stream  terraces  of  the 
Sardis  plain  is  in  general  greatest  near  Mis- 
sissippi River  and  declines  gradually  eastward 
to  Florida  and  westward  to  Texas.  They  have 
a  general  slope  in  the  direction  of  stream  flow 
except  in  western  Mississippi,  where  deforma- 
tion has  altered  the  original  slope.  On  the 
east  side  of  Mississippi  River  the  stream  ter- 
race of  the  Sardis  plain  has  an  altitude  of  about 
380  feet  above  sea  level  east  of  Vicksburg  and 
near  Woodville  and  Centerville.  Near  Natchez 
it  is  about  75  feet  higher.  In  the  Pearl  River 
valley  the  plain  slopes  from  about  410  feet  a 
few  miles  north  of  Jackson  to  about  400  feet 
east  of  Brookhaven  and  to  360  feet  near  the 
Mississippi-Louisiana  boundary.  On  Chicka- 
sawhay River  and  along  the  streams  in  Alabama 
and  west  of  Mississippi  River  in  Louisiana  the 
slope  appears  to  be  steeper,  though  exact 
determinations  of  altitude  have  not  been  pro- 
cured. 

The  altitude  of  the  inner  margin  of  the  in- 
terstream plain  in  western  Mississippi  is  about 
420  feet,  in  western  Alabama  about  350  feet, 
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and  in  western  Louisiana  about  320  feet. 
The  out«r  margin  of  the  plain  has  an  altitude 
of  about  350  feet  in  southwestern  Mississippi, 
310  feet  in  west«ra  Alabama,  and  270  feet  in 
western  Florida.  In  western  Loiusiana  and 
eastern  Texas  the  outer  margin  has  an  alti- 
tude of  about  270  feet. 

The  width  of  the  plain  is  variable,  being 
from  30  to  35  miles  in  western  Mississippi,  10 
to  15  miles  near  the  Alabama-Florida  boimd- 
aiy,  and  8  to  10  miles  in  eastern  Texas.  The 
narrowing  of  the  plain  both  to  the  east  and 
west  of  its  place  of  maximum  width  is  grad- 
ual, though  marked  local  variations  are  found 
where  the  terrace  has  been  partly  removed  by 
erosion. 

BLOPt. 

The  slope  of  the  stream  terraces  of  the 
Sardis  plain  was  probably  originally  steep,  but 
the  exact  rate  can  be  determined  on  very  few 
streams  because  there  are  few  reliable  deter- 
minations of  altitude.  In  western  Mississippi 
deformation  has  given  the  stream  terrace  a 
slope  away  from  the  coast  from  Natchez  to 
Vicksburg  at  the  rate  of  about  6  inches  to  the 
mile.  From  Natchez  southward  it  slopes  sea- 
ward at  the  rate  of  about  9  inches  to  the  mile. 
The  slope  of  the  interstream  plains  has  been 
less  affected  by  changes  resulting  from  do- 
formation  and,  if  the  steep  descent  from  the 
Brookhaven  plain  is  omitted,  amounts  to  about 
1  foot  to  the  mile  in  western  Mississippi, 
between  2  and  3  feet  to  the  mile  near  the 
Alabama-Florida  boundary,  and  about  3  feet 
to  the  mile  in  western  Louisiana  and  eastern 
Texas. 

StSUOTIOV. 

The  Sardis  pltun  has  imdergone  somewhat 
less  erosion  than  the  Brookhaven  plain, 
though  locally  the  stream  terraces  have  been 
entirely  removed.  In  general  the  terraces 
have  been  reduced  in  area  by  the  meandering 
of  the  major  streams  and  have  been  separated 
into  small  iso'ated  plains  by  the  erosion  of 
tributary  streams. 

~  interstream  plains  are  extensively 
near  the  principal  streams,  but  on 
f  the  divides  there  are  still  remnants  of 
ginal  surface  from  5  to  more  than  10 
wide.  Most  of  these  re nm ants  are 
by  shallow  channels  of  wet-weather 
i  that  provide  adequate  drainage,  but 


in  a  few  places,  as,  for  example,  near  Atmore 
and  Georgetown,  Ala.,  the  surface  of  the  plun 
is  BO  flat  that  shallow  ponds  form  during  wet 
weather.  Even  near  the  Mississippi  Valley  at 
Centerville  and  Woodville  some  portions  of  this 
plain  are  well  preserved,  being  trenched  by  very 
shallow  valleys,  but  the  conditions  here  are 
favorable  for  the  preservation  of  the  original 
surface,  because  during  the  development  of  the 
drainage  of  southwestern  Mississippi  the  stream 
encountered  ledges  of  hard  rock  similar  to  that 
at  Fort  Adams  at  depths  of  40  to  1 20  feet  below 
the  surface  of  the  Sardis  plain,  and  this  hard 
rock  retarded  the  erosion  and  resulted  in  the 
partial  preservation  of  the  original  Fhocene 
surface  where  it  would  otherwise  have  been 
destroyed. 

UTKOLODT  AXS  UtLB. 

The  materials  beneath  the  Sardis  plain  are 
essentially  the  same  as  those  beneath  the 
Brookhaven  plain,  consisting  of  coarse  cross- 
bedded  sands  and  gravels  near  the  base  of  the 
deposits  overlain  by  finer  sands  and  sandy 
clays.  In  general  the  gravels  are  finer  than  in 
the  deposits  of  the  Brookhaven  plain,  though 
near  Mississippi  River  coarse  gravels  are  found 
beneath  the  landward  margin  of  the  Sardis 
plain.  Gravels  are  not  abundant  except  in  the 
area  where  sediments  were  supplied  by  Mis- 
sissippi River.  The  upper  member  of  the 
plain  is  a  sandy  clay  of  red  or  yellow  color, 
and  where  the  surface  of  the  underlying 
Tertiary  formations  was  high,  as  at  Clinton 
and  Woodville,  Miss.,  this  material  rests 
directly  upon  them,  the  basal  sands  and 
gravels  beii^  absent. 

The  soils  derived  from  the  weathering  of  the 
surface  materials  of  the  Sardis  plain  are  either 
loam  or  sandy  loam,  though  in  a  few  places 
where  the  upper  member  has  been  removed  by 
erosion  gravelly  loam  is  found. 

BTKATIOKAPBIO  RSU.TIOKS  OT  THE  SZP0BIT8. 

Near  the  north  edge  of  the  Sardis  plain  the 
stream-terrace  deposits  rest  unconformably  on 
the  deposits  of  the  Brookhaven  plain.  Farther 
north  remnants  of  the  Brookhaven  plain  are 
above  the  level  of  the  base  of  the  Sardis  plain, 
and  the  deposits  of  the  latter  plain  rest  micon- 
formably  on  older  Tertiary  formations. 

The  interstream  deposits  of  the  Sardis  plain 
are  continuous  with  those  of  the  Brookhaven 
plain  and  were  deposited  when  the  sedimenta- 
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tion  was  pushed  farther  seaward  because  of  a 
alight  general  change  in  the  altitude  of  the  land. 
The  change  was  apparently  gradual,  and  the 
zone  of  rapid  sedimentation  was  carried  pro- 
gressively seaward  with  continuous  deposition 
along  the  margin  of  the  older  plain.  This  may 
have  resulted  in  partial  unconformity  between 
the  deposits  of  the  two  plains,  though  probably 
the  unconformity  was  not  greater  than  at 
many  other  places  within  the  deposits  beneath 
the  plains. 

ANTON  PLAIN. 

The  Canton  plain  borders  the  seaward  and 
streamward  margin3  of  the  Sardia  plain  and 
originally  formed  a  continuous  belt  at  a 
sUghtly  lower  level  than  the  Sardis  plain. 
The  name  is  applied  by  Shaw  ^  to  a  stream  ter- 
race of  this  plain  at  Canton,  Miss.,  and  is 
extended  to  other  stream  terraces  that  can 
be  correlated  with  that  one  and  to  the  inter- 
stream  plains  that  merge  with  the  stream  ter- 
races at  the  seaward  ends  of  the  valley. 

DIBTHIBXrTIOV. 

Stream  terraces. — ^Although  the  stream  ter- 
races of  the  Canton  plain  are  better  preserved 
than  those  of  the  older  plains,  they  are  repre- 
sented only  by  mere  fragments  of  the  original 
deposits.  The  terrace  in  the  Mississippi  Val- 
ley doubtless  had  a  width  of  many  miles,  but 
remnants  in  western  Mississippi  are  10  to  12 
miles  from  the  present  position  of  the  river. 
This  terrace  has  probably  been  entirely  re- 
moved by  erosion  in  the  area  between  Missis- 
sippi and  Ouachita  rivers  and  it  has  not  been 
recognized  between  Ouachita  and  Red  rivers. 

The  stream  terraces  of  the  Canton  plain  have 
been  noted  at  a  number  of  places  in  the  valley  of 
the  rivers  of  eastern  Mississippi  and  western  Ala- 
bama, but  the  observations  have  not  been  suffi- 
ciently systematic  to  warrant  discussing  the  dis- 
tribution of  the  terraces  in  details  In  western 
Louisiana  and  southeastern  Texas  still  less 
detailed  information  has  been  obtained  con- 
cerning their  distribution,  though  a  poorly 
preserved  terrace  at  an  elevation  of  285  feet  on 
the  east  side  of  Sabine  River  between  Neame 
and  Evans  Ferry  is  tentatively  correlated  with 
the  Canton  plain. 

Interatream  areas. — ^The  interstream  portions 
of   the   Canton  plain   are   well  developed  in 

1  Sbaw,  E.  W.,  unpublisbed  notes. 


Louisiana  east  of  Mississippi  River  and  extend 
across  southern  Mississippi  and  Alabama  into 
western  Florida.  In  Louisiana  the  interstream 
areas  of  this  plain  extend  westward  from  a 
point  a  few  miles  west  of  Woodworth,  passing 
north  of  De  Ridder  and  across  the  State  line 
into  eastern  Texas. 

The  original  width  of  the  interstream  areas 
of  the  Canton  plain  in  southern  Mississippi  and 
the  adjacent  portions  of  Louisiana  was  about 
12  to  15  miles,  and  they  narrow  eastward  to 
Baldwin  County,  near  the  Alabama-Florida 
boundary  hne,  where  the  width  is  approxi- 
mately 6  to  8  miles.  In  western  Louisiana  and 
eastern  Texas  the  interstream  areas  are  about 
as  wide  as  those  in  Alabama. 

ALTrrxms. 

The  stream  terraoes  of  the  Canton  plain  are 
lower  than  those  belonging  to  the  older  plains, 
though  considerable  local  variation  is  found, 
the  altitude  depending  on  the  size  of  the  stream. 
As  a  rule,  the  stream  terraces  of  all  the  plains 
naturally  rise  to  higher  levels  and  away  from 
the  coast  have  steeper  gradients  on  the  small 
streams  than  on  the  large.  An  exception  is 
found  in  the  Mississippi  VaUey,  where  the  ter- 
race in  the  vicinity  of  Newmans  Grove,  east  of 
Vicksburg,  rises  to  only  about  300  feet  above 
sea  level  and  the  altitude  increases  slightly 
toward  the  coast,  being  nearly  380  feet  east  of 
Natchez.  Thence  the  terrace  slopes  south- 
ward to  about  350  feet  near  the  southern  bound- 
ary of  Mississippi.  Both  inner  and  outer  mar- 
gins of  the  stream  terraces  were  originally 
marked  by  scarps,  but  in  many  plaoes  these 
features  have  been  destroyed  by  erosion. 

The  interstream  areas  in  southern  Missis- 
sippi range  in  altitude  from  about  350  feet  on 
the  landward  margin  to  about  280  feet  on  the 
seaward  margin.  The  altitude  decreases  grad- 
ually froiA  western  Mississippi  to  western  Ala- 
bama, where  the  landward  margin  is  about  310 
feet  above  sea  level  and  the  seaward  margin  250 
feet,  and  there  is  a  still  further  decrease  in 
western  Florida,  where  the  altitude  of  the  land- 
ward margin  is  about  270  feet  and  that  of  the 
seaward  margin  about  220  feet.  A  similar  but 
slightly  more  rapid  descent  west  of  Mississippi 
River  brings  the  surface  of  the  plain  to  about 
the  same  altitude  in  western  Louisiana  and 
eastern  Texas  that  it  has  near  the  western 
boundary  of  Florida. 
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The  margins  of  the  interstream  plain  are  not 
bounded  by  distinct  scarps  but  they  are  marked 
by  an  increase  in  gradient.  At  many  places 
the  margins  have  been  destroyed  by  erosion, 
because  the  changes  in  gradient  have  furnished 
favorable  places  for  the  development  of  lines  of 
drainage. 

BLOPX. 

The  slope  of  the  stream  terraces  of  the  Canton 
plain  is  in  general  seaward,  though  the  rate  is 
not  easily  determinable  because  of  the  lack  of 
detailed  information.  The  terrace  on  the  east 
side  of  Mississippi  River  from  Newmans  Grove 
to  the  latitude  of  Natchez  forms  an  exception 
because  of  deformation  subsequent  to  depo- 
sition. The  slope  of  this  terrace  is  reversed, 
being  northeastward,  and  it  amoimts  in  the 
aggregate  to  30  feet  in  60  miles,  or  about  6 
inches  to  the  mile.  From  the  latitude  of 
Natchez  to  the  northern  boundary  of  Loui- 
siana the  slope  of  this  terrace  is  southward  at 
the  rate  of  about  9  inches  to  the  mile. 

The  interstream  portions  of  the  Canton 
plain  slope  more  steeply  than  those  of  the  Sar- 
dis  and  Brookhaven  plains,  the  average  slope 
being  from  2  to  3  feet  to  the  mile,  if  the  steep- 
ened landward  margin  is  disregarded.  Local 
variations  are  common,  however,  and  in  many 
places  the  original  slope  has  been  destroyed  by 
erosion. 

DIBSBOTXOir. 

Both  stream  and  interstream  portions  of  the 
Canton  plain  have  been  greatly  dissected,  and 
the  remnants  now  appear  as  isolated  areas 
having  nearly  level  surfaces  or  as  even-topped 
divides  between  the  major  streams.  In  places 
these  divides  are  several  miles  in  width,  but 
the  undrained  areas  are  smaller  than  those  on 
the  Sardis  plain.  This  is  attributed  to  the  fact 
that  the  Canton  plain  was  narrow  and  the 
original  surface  had  a  steeper  slope  than  the 
Sardis  plain. 

XJTHOLOaT  AVD  BOILS. 

The  lithology  of  the  Canton  plain  is,  in  gen- 
eral, like  that  of  the  Gtronelle  formation  as  a 
whole.  Gravel  is  less  abundant  in  the  deposits 
beneath  this  plain  than  in  those  beneath  the 
Sardis  and  Brookhaven  plains,  though  it  is 
reported  in  some  wells  and  is  exposed  in  a  few 
deep  valleys.  The  surface  of  the  plain  is  com- 
posed of  fine  sandy  clay  and  silt  similar  to  the 
material  forming  the  surface  of  the  older  plains 
and  the  soils  are  chiefly  loam  and  sandy  loams. 


BTRATXORAPHZO  &ZZJLTI0V8  OF  THB  DZPOBZTB. 

The  materials  underljdng  the  Canton  plain 
doubtless  have  the  same  stratigraphic  relations 
as  those  beneath  the  Sardis  plain,  but  the 
exposures  are  not  deep  enough  to  permit  sat- 
isfactory observations. 

LOXLEY  PLAIN. 

The  lowest  of  the  Pliocene  plains  that  are 
underlain  by  deposits  of  the  Gtronelle  forma- 
tion is  well  preserved  in  the  vicinity  of  Loxley, 
Baldwin  County,  Ala.,  and  is  therefore  named 
the  Loxley  plain. 

DZBTBZBirTZOV. 

Stream  terraces. — ^The  Loxley  plain  has  a 
width  of  only  a  few  miles  where  it  is  repre- 
sented by  remnants  of  stream  terraces.  In  the 
Mississippi  Valley  the  original  extent  of  the 
stream  terrace  belonging  to  this  plain  can  not 
be  easily  determined,  though  in  the  vicinity  of 
Sicily  Island,  where  the  terrace  is  the  result 
of  erosion  and  deposition  by  Mississippi  and 
Ouachita  rivers,  it  may  have  been  30  to  40 
miles  wide.  The  average  width  in  the  Missis- 
sippi Valley  between  Sicily  Island  and  Vicks- 
burg  was  probably  not  much  greater  than  25 
miles.  The  original  width  was  apparently  less 
than  10  miles  in  the  valleys  of  the  rivers  in 
eastern  Mississippi  and  western  Alabama  and 
Florida,  except  in  the  Alabama  and  Tombigbee 
drainage  basins,  where  this  terrace  is  more 
than  25  miles  wide  at  its  southern  margin. 

IrUeratream  areas. — ^The  interstream  areas  of 
the  Loxley  plain  occupy  a  belt  between  the 
Canton  plain  and  the  oldest  Pleistocene  terrace. 
They  vary  much  less  in  width  than  the  older 
terraces  of  the  Citronelle  formation,  being  as 
wide  in  western  Florida  and  Alabama  as  in 
southern  Mississippi  and  eastern  Loidsiana. 
The  average  width  of  these  areas  is  about  8 
miles  and  the  maximmn  is  about  15  miles.  On 
the  eroded  outer  margin  of  the  plain  the  un- 
derlying deposits  have  been  exposed  in  places 
by  the  removal  of  the  younger  beds,  and  if 
the  maximum  width  should  be  extended  to  in- 
clude these  exposures  it  would  amount  to 
slightly  more  than  30  miles.  However,  these 
more  or  less  isolated  exposures  represent  sur- 
faces eroded  during  the  Pleistocene  epoch. 
The  width  of  the  interstream  portions  of  the 
Loxley  plain  in  southwestern  Louisiana  and 
southeastern  Texas  is  about  8  miles.  This 
plain  is  well  developed  in  an  area  that  extends 
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from  Forest  Hill  to  De  Ridder,  La.,  and  thence 
westward,  passing  a  few  miles  south  of  Newton, 
Tex. 

ALTrriTDS. 

The  stream  terraces  of  the  Loxley  plain  vary 
in  altitude,  being  higher  on  the  small  streams 
than  on  the  large,  and  they  increase  in  altitude 
away  from  the  coast.  This  generalization, 
however,  does  not  apply  to  the  terraces  of  the 
rivers  in  western  Mississippi,  where  the  altitude 
has  been  changed  by  deformation.  East  of 
Vicksburg  the  terrace  in  the  Mississippi  Valley 
is  about  280  feet  above  sea  level,  and  east  of 
Natchez  the  altitude  is  nearly  40  feet  higher. 
From  Natchez  southward  to  the  Louisiana 
boundary  it  declines  to  about  270  feet  above 
sea  level.  The  terrace  on  Pearl  River  has  an 
altitude  ranging  from  about  230  feet  north- 
west of  McNeil  to  about  300  feet  near  Monti- 
cello  and  320  feet  near  Jackson.  The  altitudes 
observed  on  Leaf  River  range  from  about  250 
feet  near  Hattiesburg  to  about  200  feet  near 
Merrill,  and  those  in  western  Alabama,  on  the 
west  side  of  the  Tombigbee,  from  about  250 
feet  east  of  Seaboard  to  about  200  feet  north- 
west of  Mobile.  On  Conecuh  River  they  range 
from  200  feet  near  the  Alabama-Florida  bound- 
ary to  about  230  feet  east  of  Kirkland.  Ter- 
races of  this  age  were  recognized  as  far  east  as 
Yellow  River,  in  northern  Florida,  where  the 
altitudes  obtained  by  barometric  readings  were 
somewhat  greater  than  200  feet,  and  near  Crest- 
view,  where  the  altitude  on  the  interstream 
plain  is  about  190  feet. 

On  the  west  side  of  Mississippi  River,  in 
Louisiana,  the  gravel  deposits  on  the  top  of  the 
Sicily  Island  hill  and  on  the  upland  west  of 
Ouachita  River  are  tentatively  referred  to  a 
stream  terrace  of  the  Loxley  plain,  and  other 
stream  terraces  at  altitudes  of  200  to  225  feet 
were  noted  farther  west,  on  the  west  side  of 
Red  River  near  Woodworth  and  on  Sabine 
River  west  of  Neame. 

In  Louisiana  east  of  Mississippi  River  the 
interstream  areas  stand  at  280  to  220  feet 
above  sea  level,  and  the  altitude  decreases 
sUghtly  from  the  Mississippi  Valley  eastward, 
being  250  to  210  feet  in  southern  Mississippi, 
250  to  190  feet  in  western  Alabama,  230  to  170 
feet  near  Loxley,  in  southern  Baldwin  Coxmty, 
Ala.,  and  220  to  160  feet  near  Yellow  River,  in 
western  Florida.    All  these  figures  should  be 


regarded  as  approximate,  because  neither  land- 
ward nor  seaward  margins  of  the  interstream 
portions  of  the  Loxley  plain  are  very  sharply 
defined. 

West  of  Mississippi  River  the  decrease  in 
altitude  is  more  rapid  than  east  of  it,  bringing 
the  inner  margin  of  the  plain  down  to  about 
220  feet  above  sea  level  in  central  Louisiana. 
Farther  west,  near  Forest  Hill,  in  central 
Louisiana,  the  altitude  ranges  from  220  to  180 
feet.  From  central  Louisiana  to  southeastern 
Texas  the  altitude  is  nearly  uniform  and  about 
the  same  as  near  Forest  Hill.  Along  the  Kan- 
sas City  Southern  Railway,  which  crosses  this 
plain,  the  landward  margin  just  north  of  De 
Ridder  has  an  altitude  of  about  220  feet  and 
the  seaward  margin  north  of  Bon  Ami  is 
approximately  40  feet  lower.  South  of  New- 
ton this  plain  is  represented  by  the  tops  of  the 
hills  that  rise  180  to  220  feet  above  sea  level. 

SLOPS. 

The  stream  terraces  of  the  Loxley  plain  have 
a  general  slope  in  the  direction  of  stream  flow 
except  in  a  part  of  the  Mississippi  Valley,  where 
deformation  since  the  materials  were  laid  down 
has  caused  a  reversal  of  the  normal  direction. 
Between  southern  Warren  County  and  south- 
em  Jefferson  County,  Miss.,  the  Loxley  stream 
terrace  slopes  northeastward  at  about  the  same 
rate  as  the  stream  terrace  of  the  Canton  plain. 
Accurate  determinations  of  slope  are  not  possi- 
ble, because  measurements  of  altitude  are  difii- 
cult  to  procure  on  account  of  the  thick  mantle 
of  loess  that  covers  the  Phocene  plains.  From 
southern  Jefferson  Coimty,  Miss.,  to  northern 
Louisiana  the  terrace  slopes  southward  at  the 
rate  of  1  to  1^  feet  to  the  mile. 

On  Pearl  River  the  stream  terrace  of  the 
Loxley  plain  has  very  little  slope  between  Jack- 
son and  Monticello,  but  south  of  Monticello  it 
slopes  toward  the  coast  at  the  rate  of  about 
1  foot  to  the  mile.  The  terrace  on  Leaf  River 
slopes  a  little  more  than  1  foot  to  the  mile  from 
Hattiesburg  to  Merrill,  and  the  terrace  on  the 
west  side  of  Tombigbee  River  slopes  about 
1  foot  to  the  mile.  On  Conecuh  and  Yellow 
rivers  the  slopes  may  be  somewhat  higher  than 
farther  west,  amoimting  to  1)  feet  to  the  mile, 
though  the  altitudes  used  in  making  this  esti- 
mate were  determined  with  a  barometer  and 
are  subject  to  correction.  In  western  Louisi- 
ana and  eastern  Texas  there  are  few  data  for 
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eBtimating  the  rate  of  slope  of  the  stream  ter- 
races, but  such  observations  as  have  been  made 
indicate  slopes  of  at  least  1  foot  to  the  mile. 

The  slopes  of  the  interstream  areas  of  the 
Loxley  plain  amount  to  5  or  6  feet  to  the  mile, 
but  these  figures  include  a  comparatively  steep 
descent  along  the  landward  margin  of  the  plain 
from  the  surface  of  the  Canton  plain,  and  in 
addition  some  allowance  should  be  made  for 
the  erosion  of  the  seaward  mai^in  in  post- 
Pliocene  time.  Observations  on  imeroded  sur- 
faces indicate  a  slope  of  1  or  2  feet  to  the  mile, 
the  rate  of  slope  being  apparently  greatest  near 
Mississippi  River  and  decreasing  slightly  both 
to  the  east  and  to  the  west. 

DZSBZCTZOV. 

The  Loxley  plain  is  much  less  eroded  than 
the  Sardis  and  Brookhaven  plains,  but  it  shows 
somewhat  greater  erosion  than  the  next  older 
or  Canton  plain,  because  it  forms  a  fringe  about 
this  plain  and  was  attacked  first  by  the  streams 
in  post-Fliocene  time.  In  addition,  the  sea- 
ward margin  of  the  Loxley  plain  was  eroded  at 
the  time  of  the  formation  of  the  oldest  Pleisto- 
cene terrace.  In  general,  the  surface  of  the 
Loxley  plain  has  been  reduced  to  slopes  except 
on  the  divides  between  the  large  streams, 
where  there  are  flat  areas  several  miles  wide 
covered  by  small  undrained  depression. 

LirHOLOGY  AVD  BOILS. 

The  lithologic  description  of  the  Citronelle 
formation  as  a  whole  will  apply  in  a  general 
way  to  the  materials  beneath  the  Loxley  plain, 
though  the  exposed  materials,  except  where 
there  has  been  an  unusual  amoimt  of  erosion, 
are  largely  sandy  clays  or  silts.  Locally  fine  or 
moderately  coarse  gravel  has  been  exposed  by 
erosion,  and  weU  records  show  that  gravel 
exists  at  many  places  where  it  is  not  exposed. 
In  general,  the  percentage  of  fine  material  in 
the  deposits  beneath  the  Loxley  plain  is 
greater  than  in  those  beneath  the  older  plains 
of  the  Citronelle  formation.  The  soils  are 
largely  loams  and  sandy  loams. 

8T&ATXOBAPEZ0  KXLATXOVB  OF  THE  DZPOSITS. 

The  stratigraphic  relations  of  the  materials 
underlying  the  Loxley  plain  are  similar  to 
those  of  the  deposits  underlying  the  older 
plains.  There  is  apparently  no  marked  break 
between   the  sediments  beneath  the  Loxley 


plain  and  those  beneath  the  Canton  plain, 
except  possibly  in  the  upper  portion  of  the 
deposit,  where  a  slight  subsidence  during  the 
closing  stages  of  deposition  on  the  Loxley  plain 
may  have  permitted  the  transgression  of  the 
sediments  upon  the  margin  of  the  Canton  plain. 
The  exposures  are  so  poor  that  opportunities  to 
examine  the  contacts  between  the  deposits  of 
these  plains  are  rare.  In  the  stream  valleys 
the  terrace  sediments  of  the  Loxley  plain  were 
deposited  unconformably  on  those  that  were 
laid  down  during  earlier  Pliocene  tune,  and 
farther  up  the  streams  they  are  conformable 
on  still  older  formations. 

PALEONTOLOGIC  CHARACTER. 

The  scarcity  of  organic  remains  in  the  Cit- 
ronelle formation  has  long  been  a  bar  to  its 
satisfactory  discrimination  and  correlation. 
Heretofore  no  identifiable  fossils  have  been 
discovered  except  fragments  of  silicified  wood, 
which  might  have  been  derived  from  some  older 
formation  by  erosion.  The  numerous  ex- 
posures that  were  studied  during  this  investi- 
gation furnished  no  remains  of  either  fresh  or 
salt  water  organisms,  though  possibly  this 
might  be  explained  in  part  by  the  weathered 
character  of  the  outcrops.  It  is  probable  that 
the  processes  of  weathering  would  remove 
traces  of  shells  from  sands,  but  even  where 
imweathered  layers  of  sand  or  clay  have  been 
examined  they  have,  except  in  two  places, 
been  found  to  be  nonfossiliferous.  Failure  to 
find  remains  of  marine  organisms  warrants  the 
assumption  that  the  beds  are  liargely  non- 
marine,  and  this  view  is  strengthened  by  the 
character  and  arrangement  of  the  sediments. 
The  absence  of  fresh-water  fossils  is  probably 
due  to  the  scarcity  of  animal  remains  capable 
of  preservation,  together  with  the  unfavorable 
conditions  for  preservation  resulting  from  the 
mode  of  origin  and  character  of  the  deposits. 

The  only  identifiable  organic  remains  ob- 
tained from  the  Citronelle  formation  were 
fossil  plants  collected  in  a  cut  on  the  Mobile  & 
Ohio  Railroad  south  of  Lamberts  and  at  Red 
Blujff ,  on  the  shore  of  Perdido  Bay,  in  Alabama. 
At  both  places  the  fossil  plants  occur  in  beds 
of  dense  clay,  stained  black  by  organic  matter, 
and  they  owe  their  preservation  to  the  char- 
acter of  the  matrix,  which  excluded  the  air, 
thus  preventing  their  destruction  by  weather- 
ing.   These  fossils  are  described  by  Mr.  Berry 
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on  pages  195-208  ^  and  further  reference  to  them 
isiumecessary .  The  relation  of  the  leaf-bearing 
cla3rs  to  the  other  beds  in  the  exposures  where 
they  were  collected  is  similar  to  the  relations 
shown  by  many  of  the  other  lenses  of  clay  that 
occur  in  the  formation. 

The  leaf-bearing  clays  are  near  the  top  of  the 
formation,  and  those  at  Eed  Bluff  are  somewhat 
younger  than  those  at  Lamberts.  The  plants 
collected  at  Lamberts  were  obtained  from  a 
bed  that  is  younger  than  the  outUers  that  cap 
the  high  hills  to  the  north,  but  the  upper 
portion  of  the  formation  near  the  coast  is 
younger  still.  The  fossils  at  Red  Bluflf  were 
found  in  the  upper  beds  near  the  coast,  though 
no  doubt  some  higher  layers  have  been  re- 
moved by  erosion  at  this  locaUty.  The  leaf- 
bearing  clays  are  younger  than  most  of  the 
coarse  gravels  that  form  outUers  along  the 
landward  margin  of  the  formation,  because 
the  gravels  pass  under  the  clay  beds  on  the 
uplands  and  are  foxmd  in  wells  near  the  coast. 
Beds  deposited  contemporaneously  with  those 
near  the  coast  extend  into  the  valleys,  where 
they  form  terraces  in  the  valleys  of  the  prin- 
cipal streams.  These  terraces  contain  coarse 
gravels  a  short  distance  away  from  the  coast 
and  present  conditions  unfavorable  for  the 
presence  of  fossils.  The  beds  penetrated  by 
wells  at  Fort  Morgan  and  Pensacola  are  appar- 
ently marine,  and  marine  PUocene  fossils  may 
have  been  found  in  wells  elsewhere  along  the 
coast,  though  samples  of  driUings  are  seldom 
preserved  and  information  concerning  such 
fossils  is  fragmentary. 

ORIGIN. 

The  Citronelle  formation  contains  practically 
every  variety  of  clastic  sediments,  and  nearly 
all  of  them  may  be  represented  in  a  section 
only  a  few  feet  thick,  many  small  exposures 
ranging  through  all  the  intermediate  stages 
from  coarse  gravel  to  fine  clay.  Li  mineral 
composition  the  deposits  are  similar  to  ordi- 
nary clastic  sediments,  being  made  up  largely 
of  quartz  or  siUcates,  such  as  kaoHn.  The 
many  variations  in  phj^ical  character,  together 
with  rapid  alternations  of  materials  of  differ- 
ent sizes  (see  Pis.  XXXVI-XXXIX),  indicate 
changing  conditions  of  sedimentation  such  as 
are  characteristic  of  areas  where  there  are 
many  variations  in  direction  and  velocity  of 
the  currents  transporting  the  materials.    These 
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conditions  prevail  in  the  valleys  of  streams 
subject  to  changes  in  velocity  produced  by 
floods  and  quiet  water.  Similar  conditions  are 
foimd  along  shore  lines  where  rivers  supply 
detritus  of  varying  coarseness  to  be  reworked 
by  waves.  More  detailed  observations  on  sedi- 
mentation might  reveal  characteristic  differ- 
ences between  fluviatile  deposits  and  those 
made  along  the  margin  of  the  sea,  with  inter- 
gradations  where  deposits  of  the  two  kinds 
merge,  but  in  the  absence  of  such  observa- 
tions it  is  not  always  easy  to  distinguish  the 
deposits  of  the  two  classes. 

The  character  and  arrangement  of  the  sedi- 
ments comprising  the  Citronelle  formation 
suggest  that  they  are  in  part  fluviatile,  in  part 
estuarine,  and  in  part  shallow-water  deposits 
made  at  or  near  the  strand  line,  where  there 
was  some  wave  action.  The  coarse  gravels 
are  much  less  rounded  than  similar  materials 
that  have  been  subjected  to  prolonged  sub- 
aqueous erosion  and  are  therefore  thought  to 
be  of  fluviatile  origin.  This  belief  is  supported 
by  the  confused  character  of  the  stratifica- 
tion, which  shows  lenticular  bedding  and  an 
alternation  of  imperfectly  assorted  sediments 
of  different  grades.  It  is  possible,  however, 
that  some  of  the  gravels  were  deposited  along 
the  shore,  where  they  were  partly  reworked 
and  redeposited  by  waves. 

The  absence  of  remains  of  marine  organisms 
and  the  character  and  arrangement  of  the 
Citronelle  sediments  suggest  that  they  are 
mainly  fluviatile.  Attempts  to  explain  the 
lack  of  marine  fossils  by  supposing  that  they 
have  been  removed  by  solution  during  the 
processes  of  weathering  are  not  entirely  satis- 
factory, because  comparatively  fresh  exposures 
of  the  formation  have  been  examined  at  many 
locaUties  without  finding  traces  of  marine 
organisms. 

On  pages  194-195  Mr.  Berry  discusses  the 
ecologic  conditions  of  the  plants  whose  fossil 
remains  have  been  found.  He  suggests  barrier 
beaches,  possibly  with  sand  dunes,  a  mile  or 
more  wide,  crossed  by  inlets  and  inclosing 
shallow  lagoons.  These  lagoons,  he  thinks, 
must  have  been  a  mile  or  more  in  width,  and 
still  wider  where  large  rivers  formed  estuaries. 
Dimes  were  probably  built  along  the  landward 
margins  of  the  lagoons.  This  description  agrees 
with  the  general  features  of  portions  of  the 
Gulf  coast  to-day  and  may  represent  condi- 
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estimating  the  rate  of  slope  of  the  stream  ter- 
races, but  such  observations  as  have  been  made 
indicate  slopes  of  at  least  1  foot  to  the  mile. 

The  slopes  of  the  interstream  areas  of  the 
Loxley  plain  amount  to  5  or  6  feet  to  the  mile, 
but  these  figures  include  a  comparatively  steep 
descent  along  the  landward  margin  of  the  plain 
from  the  surface  of  the  Canton  plain,  and  in 
addition  some  allowance  should  be  made  for 
the  erosion  of  the  seaward  margin  in  post- 
Pliocene  time.  Observations  on  uneroded  sur- 
faces indicate  a  slope  of  1  or  2  feet  to  the  mile, 
the  rate  of  slope  being  apparently  greatest  near 
Mississippi  River  and  decreasing  slightly  both 
to  the  east  and  to  the  west. 

BISSSCTXOV. 

The  Loxley  plain  is  much  less  eroded  than 
the  Sardis  and  Brookhaven  plains,  but  it  shows 
somewhat  greater  erosion  than  the  next  older 
or  Canton  plain,  because  it  forms  a  fringe  about 
this  plain  and  was  attacked  first  by  the  streams 
in  post-Pliocene  time.  In  addition,  the  sea- 
ward margin  of  the  Loxley  plain  was  eroded  at 
the  time  of  the  formation  of  the  oldest  Pleisto- 
cene terrace.  In  general,  the  surface  of  the 
Loxley  plain  has  been  reduced  to  slopes  except 
on  the  divides  between  the  large  streams, 
where  there  are  flat  areas  several  miles  wide 
covered  by  small  undrained  depression. 

LXTKOLOOY  AVD  SOILS. 

The  lithologic  description  of  the  Citronelle 
formation  as  a  whole  will  apply  in  a  general 
way  to  the  materials  beneath  the  Loxley  plain, 
though  the  exposed  materials,  except  where 
there  has  been  an  unusual  amoimt  of  erosion, 
are  largely  sandy  clays  or  silts.  Locally  fine  or 
moderately  coarse  gravel  has  been  exposed  by 
erosion,  and  well  records  show  that  gravel 
exists  at  many  places  where  it  is  not  exposed. 
In  general,  the  percentage  of  fine  material  in 
the  deposits  beneath  the  Loxley  plain  is 
greater  than  in  those  beneath  the  older  plains 
of  the  Citronelle  formation.  The  soils  are 
largely  loams  and  sandy  loams. 

BTRATXaRAPHIO  RBLATIOITB  OF  THE  DEP08XTB. 

The  stratigraphic  relations  of  the  materials 
underlying  the  Loxley  plain  are  similar  to 
those  of  the  deposits  imderlying  the  older 
plains.  There  is  apparently  no  marked  break 
between   the  sediments  beneath  the  Loxley 


plain  and  those  beneath  the  Canton  plain, 
except  possibly  in  the  upper  portion  of  the 
deposit,  where  a  slight  subsidence  during  the 
closing  stages  of  deposition  on  the  Loxley  plain 
may  have  permitted  the  transgression  of  the 
sediments  upon  the  margin  of  the  Canton  plain. 
The  exposures  are  so  poor  that  opportunities  to 
examine  the  contacts  between  the  deposits  of 
these  plains  are  rare.  In  the  stream  valleys 
the  terrace  sediments  of  the  Loxley  plain  were 
deposited  imconformably  on  those  that  were 
laid  down  during  earUer  Pliocene  time,  and 
farther  up  the  streams  they  are  conformable 
on  still  older  formations. 

PALEONTOLOGIC  CHARACTER. 

The  scarcity  of  organic  remains  in  the  Cit- 
ronelle formation  has  long  been  a  bar  to  its 
satisfactory  discrimination  and  correlation. 
Heretofore  no  identifiable  fossils  have  been 
discovered  except  fragments  of  sihcified  wood, 
which  might  have  been  derived  from  some  older 
formation  by  erosion.  The  numerous  ex- 
posures that  were  studied  during  this  investi- 
gation furnished  no  remains  of  either  fresh  or 
salt  water  organisms,  though  possibly  this 
might  be  explained  in  part  by  the  weathered 
character  of  the  outcrops.  It  is  probable  that 
the  processes  of  weathering  would  remove 
traces  of  shells  from  sands,  but  even  where 
xmweathered  layers  of  sand  or  clay  have  been 
examined  they  have,  except  in  two  places, 
been  found  to  be  nonfossiUferous.  Failure  to 
find  remains  of  marine  organisms  warraats  the 
assumption  that  the  beds  are  largely  non- 
marine,  and  this  view  is  strengthened  by  the 
character  and  arrangement  of  the  sediments. 
The  absence  of  fresh-water  fossils  is  probably 
due  to  the  scarcity  of  animal  remains  capable 
of  preservation,  together  with  the  unfavorable 
conditions  for  preservation  resulting  from  the 
mode  of  origin  and  character  of  the  deposits. 

The  only  identifiable  organic  remains  ob- 
tained from  the  Citronelle  formation  were 
fossil  plants  collected  in  a  cut  on  the  Mobile  & 
Ohio  Railroad  south  of  Lamberts  and  at  Red 
Bluflf,  on  the  shore  of  Perdido  Bay,  in  Alabama. 
At  both  places  the  fossil  plants  occur  in  beds 
of  dense  clay,  stained  black  by  organic  matter, 
and  they  owe  their  preservation  to  the  char- 
acter of  the  matrix,  which  excluded  the  air, 
thus  preventing  their  destruction  by  weather- 
ing.   These  fossils  are  described  by  Mr.  Berry 
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tions  that  existed  at  the  places  where  the  plants 
grew.  It  does  not,  however,  seem  possible  to 
account  in  this  way  for  the  various  kinds  of 
deposits  foimd  in  the  formation  throughout  a 
large  portion  of  the  area  where  it  is  exposed. 

The  conditions  described  by  Mr.  Berry  might 
account  for  all  the  sediments  except  the  fluvia- 
tile  deposits,  though  it  is  more  probable  that 
at  the  mouths  of  some  of  the  large  streams  like 
the  Mississippi  the  sediments  were  built  into 
broad  deltas.  Under  the  influence  of  shore 
currents  some  of  the  materials  brought  to  the 
shore  by  the  streams  were  spread  across  the 
interstream  spaces  until  they  coalesced  to  form 
extensive  deposits.  This  condition  harmonizes 
with  the  theory  of  the  formation  of  lagoons, 
beaches,  and  dimes  alongshore.  As  the  sea 
encroached  upon  the  land  the  beaches  and 
dunes  would  be  destroyed  and  the  lagoons  filled 
by  the  action  of  the  waves,  and  thus  distinctive 
shore  f  eatiu*es  would  not  be  recognizable  in  the 
formation.  Probably  at  some  stages  of  deposi- 
tion rapid  subsidence  would  produce  estuaries 
where  at  times  of  relative  quiescence  deltas  had 
been  formed.  Sometimes  estuaries  and  deltas 
might  both  exist  along  the  same  shore,  just  as 
the  broad  Delta  of  the  Mississippi  is  flanked 
on  one  side  by  the  estuaries  of  southwestern 
Louisiana  and  on  the  other  side  by  the  estu- 
aries of  southeastern  Mississippi  and  southern 
Alabama. 

Certain  features  indicate  that  the  conditions 
were  not  uniform  and  that  there  may  have 
been  many  changes  in  the  site  of  most  rapid 
sedimentation.  For  example,  at  Brookhaven 
there  is  a  thick  deposit  of  sand  at  the  base  of 
the  formation,  overlain  by  coarse  gravel,  and 
this  in  turn  by  sands  and  clays.  This  altera- 
tion would  result  from  a  shifting  of  the  direc- 
tion of  the  principal  currents  that  transported 
the  sediments,  or  from  reversal  of  movement 
along  the  strand  Une  during  the  progress  of 
deposition,  or  from  uplift  farther  inland,  caus- 
ing enough  increase  in  velocity  to  permit  the 
streams  to  spread  gravel  over  the  basal  sands. 
While  material  was  being  laid  down  upon  the 
upland  the  site  of  rapid  sedimentation  was 
shifted  landward  and  the  beds  previously  de- 
posited were  covered  by  finer  sediments.  At 
the  same  time  the  older  shore  features  were 
destroyed,  and  in  this  way  fine  sediments  were 
deposited  some  distance  landward  upon  the 
coarse  fluviatile  sediments.    However,  that  the 


fine  materials  did  not  extend  entirely  across 
the  area  in  which  the  Citronelle  formation  is 
now  exposed  is  indicated  by  the  fact  that  the 
erosion  of  the  formation  has  not  been  sufficient 
to  remove  a  great  amount  of  material  and  the 
landward  edge  of  the  formation  is  now  com- 
posed of  coarse  sands  and  gravel.  If  fine  sands 
and  clays  had  been  deposited  on  this  portion 
of  the  area  erosion  would  probably  have  been 
insufficient  to  remove  them  entirely. 

The  emergence  of  the  seaward  margin  of  the 
formation  permitted  the  duplication  of  some  of 
the  shore  phenomena  of  the  earlier  depression, 
including  the  formation  of  deltas,  bars,  and 
other  shore  features,  but  these  features  have 
been  destroyed  by  subsequent  erosion.  Inter- 
mittent changes  in  level  during  emergence 
accoimt  for  the  terracing  seen  at  high  levels  in 
the  present  valleys,  and  it  is  probable  that  the 
fossil  plants  now  f oimd  in  the  upper  portion  of 
the  formation  belong  to  this  period. 

The  upper  sand  beds  show  a  renewal  of  the 
quiet-water  conditions  that  existed  before  the 
deposition  of  the  gravel,  and  in  the  closing 
stages  of  Citronelle  time  the  deposits  were  fine 
sand  and  silt,  such  as  are  laid  down  by  flood 
waters  of  a  muddy  stream  at  times  of  overflow. 
This  overflow  began  when  the  streams  eroded 
their  channels  below  the  general  level  of  the 
deposits  already  made  and  continued  as  long 
as  the  waters  spread  over  the  flood  plains  adja- 
cent to  the  streams. 

Some  of  the  terraces  in  the  stream  valleys 
that  trench  the  older  formations  represent 
episodes  in  the  post-Pliocene  history  of  the 
region,  but  those  that  stand  at  high  levels  were 
formed  during  the  closing  stages  of  the  deposi- 
tion of  the  Gtronelle  formation.  Eoiowledge 
of  the  details  of  the  distribution  and  relations 
of  these  terraces  is  still  incomplete,  but  enough 
is  known  to  warrant  the  conclusion  that  they 
merge  into  the  deposits  classed  with  the  Cit- 
ronelle formation. 

The  interstream  portions  of  the  Sardis,  Can- 
ton, and  Loxley  plains  were  each  built  against 
the  steep  front  of  the  next  older  plain  as  the 
result  of  changes  in  level  that  shifted  sedimenta- 
tion seaward.  The  changes  may  have  been 
caused  by  general  uplifting  of  the  land,  by 
withdrawal  of  the  sea,  or  by  an  upward  move- 
ment some  distance  inland  that  enabled  the 
streams  to  carry  their  loads  of  detritus  farther 
seaward.     Of  these  possible  explanations  the 
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last  seems  the  least  probable,  because  such  a 
change  would  have  resulted  in  the  deposition 
of  a  larger  percentage  of  coarse  sediment  along 
the  seaward  margin  of  the  formation;  more- 
over, the  base-level  of  the  streams  was  low- 
ered, as  is  shown  by  the  formation  of  stream 
terraces  that  coalesce  with  the  interstream 
plains.  This  lowering  of  the  base-level  might 
have  been  the  result  either  of  upward  move- 
ment of  the  land  or  of  recession  of  the  water,  or 
of  both  causes  operating  simultaneously.  The 
warping  of  the  plains  suggests  a  land  movement 
but  it  does  not  prove  that  such  a  movement  was 
the  sole  cause  or  even  the  most  effective  cause 
of  the  changes  in  base-level,  though  the  warping 
was  largely  contemporaneous  with  those 
changes,  as  is  suggested  by  the  fact  that  the 
post-Pliocene  terraces  are  not  deformed. 

The  lowering  of  the  base-level  resulted  in  the 
removal  of  a  portion  of  the  deposits  already 
formed  and  their  redeposition  along  the  sea- 
ward margin  of  the  older  beds.  The  intermit- 
tent character  of  the  changes  permitted  the 
formation  of  terraces  in  the  stream  valleys,  and 
at  the  same  time  the  deposits  made  along  the 
seaward  margins  of  the  older  beds  were  built 
into  interstream  plains  either  by  the  coalescing 
of  deltas  or  more  probably  as  the  combined 
work  of  streams  and  waves. 

The  closing  stage  of  the  formation  of  each 
plain  seems  to  have  been  a  partial  submergence, 
which  permitted  the  development  of  small 
lagoons  and  other  depressions  on  the  surface, 
though  there  is  no  evidence  of  marine  erosion 
and  deposition  in  the  form  of  beach  ridges  such 
as  would  have  resulted  from  vigorous  wave 
action.  Each  successive  stage  of  deposition 
was  closed  by  a  renewed  lowering  of  base-level, 
and  as  the  change  progressed  finer  sediment 
was  spread  over  the  coarse  detritus  in  the 
stream  valleys.  Some  of  the  fine  silt  that 
covers  the  uneroded  portions  of  the  inter- 
stream plains  may  have  been  deposited  as  the 
result  of  a  rise  in  the  level  of  the  streams  as 
deltas  were  built  seaward,  though  these  de- 
posits are  too  widely  distributed  to  be  ex- 
plained as  a  whole  in  that  way.  Moreover, 
evidence  of  slight  submergence  is  afforded  by 
partly  filled  valleys  emerging  at  the  levels  of 
the  surfaces  of  some  of  the  younger  plains. 
That  this  resubmergence  came  at  the  end  of 
the  period  of  deposition  of  the  materials  form- 
ing the  plains  and  not  after  the  shaping  of  the 


existing  valleys  is  proved  by  the  absence  of 
deep  filling  in  these  valleys. 

SUBFACE  DEPOSITS. 

Erosion  of  the  surface  of  the  Citronelle  for- 
mation began  at  the  end  of  PUocene  deposition 
and  has  continued  down  to  the  present  time. 
It  was  accomplished  by  the  same  forces  that 
are  now  active,  including  stream  corrasion, 
surface  wash,  wind  action,  and  the  work  of 
organisms;  and  although  the  action  of  these 
agencies  may  have  varied  in  intensity  at  differ- 
ent times,  evidence  of  such  variation  is  not 
apparent.  There  was  a  constant  shifting  in 
the  sites  of  most  active  erosion,  and  portions 
of  the  eroded  materials  were  redeposited  many 
times.  Much  of  this  redeposited  material 
may  be  seen  on  the  slopes,  and  where  it 
resembles  the  subjacent  deposits  of  Pliocene 
age  it  is  not  readily  recognized,  though  in 
many  places  it  may  be  distinguished  because 
of  the  concentration  of  relatively  coarse  detri- 
txis,  such  as  pebbles  or  fragments  of  iron- 
cemented  sandstone  or  limonite,  which  has 
resulted  from  the  partial  removal  of  the  finer 
materials.  The  redeposited  materials  do  not 
form  a  continuous  mantle  but  are  distributed 
on  all  the  slopes  and  are  exposed  in  many 
shallow  gullies,  especiaUy  along  wagon  roads. 
They  range  in  age  from  the  earliest  period  of 
erosion  of  the  Phocene  deposits  to  the  present 
day,  but  in  many  places  they  have  been  imdis- 
turbed  for  a  long  time  because  of  protection 
by  vegetation. 

Since  the  beginning  of  the  terracing,  in 
Pleistocene  time,  erosion  and  redeposition 
have  been  very  largely  concentrated  on  the 
lower  slopes  and  in  the  bottoms  of  the  valleys, 
and  this  has  resulted  in  the  formation  of 
deposits  of  definite  types  that  will  be  mentioned 
in  discussing  the  Pleistocene  deposits. 

PLEISTOCENE  TEBRACES. 

During  the  Pleistocene  epoch  extensive 
terraces  bordered  by  seaward-facing  scarps 
were  formed  along  the  seaward  front  of  the 
Pliocene  deposits.  These  terraces  extend  into 
the  river  valleys,  where  they  merge  with  ter- 
races of  fluviatile  origin.  In  most  places  the 
Pleistocene  deposits  forming  these  terraces  are 
relatively  thin,  though  near  Mississippi  River 
and  other  large  streams  thick  constructional 
deposits  were  made.   Names  have  been  applied 


190 


SHORTEB  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1916. 


to  the  terraces  and  are  used  on  the  accompany- 
ing diagrams  and  in  some  of  the  sections 
(PI.  XXXn,  p.  170),  as  well  as  in  the  text. 

The  Pleistocene  age  of  the  oldest  terrace, 
the  St.  Elmo,  is  inferred  from  the  fact  that  it 
mei^es,  in  the  Mississippi  Valley,  into  the 
Natchez  formation,  which  is  regarded  as  sub- 
Aftonian.^  The  Natchez  formation  contains 
crystalline  pebbles  and  underlies  a  terrace  that 
was  doubtless  formed  during  the  Pleistocene 
epoch.  The  younger  terraces,  named  in  the 
order  of  the  age,  are  the  Port  Hickey,  the 
Hammond,  and  the  Pensacola.  The  name 
Port  Hickey  is  taken  from  a  locality  on  Mis- 
sissippi River  where  the  typical  materials  of 
the  Port  Hudson  formation  are  exposed.  The 
Hammond  terrace  is  named  from  Hammond, 
La.,  and  the  Pensacola  terrace  from  Pensacola, 
Fla. 

The  level,  imeroded  surfaces  of  these  terraces 
are  in  sharp  contrast  with  the  erosional  features 
of  the  Citronelle  formation,  but  they  have 
their  coimterparts  in  the  imeroded  portions  of 
the  interstream  plains  of  the  Citronelle.  Shal- 
low depressions  extend  from  the  laiiger  river 
valleys  diagonally  toward  the  coast,  and  most 
of  them  are  bordered  by  low  natural  levees. 
These  channels  resemble  those  now  being 
formed  across  the  Mississippi  Delta,  and  they 
show  the  constructional  origin  of  the  subsurface 
deposits.  In  some  of  the  areas  between  the 
streams,  seaward-facing  scarps  border  the 
inner  margins  of  the  Pleistocene  plains,  and  in 
places  there  are  low  ridges  and  shallow  ponds 
whose  long  axes  lie  parallel  to  the  shore  line. 
These  features  show  that  wave  action  has  been 
an  influential  agent  in  forming  the  surface,  and 
it  is  probable  that  both  wave  and  stream  action 
prevailed  at  the  same  time  along  different 
portions  of  the  coast  and  that  their  relative 
efficiency  varied  with  the  changing  relations 
of  the  land  and  the  water. 

The  exact  relations  of  the  different  terraces 
to  the  glacial  deposits  is  not  fully  known,  though 
the  St.  Elmo  terrace,  which  appears  to  be 
older  than  the  great  deposits  of  loess  that 
fringe  the  east  side  of  the  Mississippi  Valley  and 
to  be  contemporaneous  with  the  crystalline 
gravel  at  Natchez,  is  regarded  as  sub-Aftonian. 
The  Port  Hickey  terrace  appears  to  be  younger 
than  the  principal  deposits  of  loess.  If  this 
loess  is  considered  to  be  of  lowan  age  these 
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relations  would  indicate  that  the  St.  Elmo  ter- 
race is  pre-Iowan  and  the  Port  Hickey  terrace 
post-Iowan.  The  loesslike  silt  that  forms  the 
surface  of  the  Port  Hickey  terrace  may  be 
of  Wisconsin  age,  and  if  so,  this  would  place 
the  terrace  in  the  interval  between  the  depo- 
sition of  the  lowan  loess  and  that  of  the  Wis- 
consin silt.  The  lower  terraces  must  neces- 
sarily be  younger  than  the  Wisconsin  silt. 

In  addition  to  the  terraces  of  Pleistocene 
age  a  similar  terrace  of  Recent  age  now  rises  a 
few  feet  above  sea  level  and  extends  outward 
beneath  the  shallow  waters  of  the  Gulf. 

WELL  LOGS. 

* 

The  accompanying  diagrams  of  well  logs 
(PL  XUn,  in  pocket)  show  the  characteristics 
of  the  Citronelle  formation  at  a  number  of 
localities  and  the  relation  of  this  and  other 
formations  penetrated  in  drilling  the  wells. 
The  correlations  with  formations  exposed  at  the 
surface  are  based  on  such  information  as  could 
be  obtained  concerning  the  lithologic  charaotet 
of  the  materials  penetrated  in  the  wells,  sup- 
plemented by  the  evidence  of  fossils.  In 
general  it  may  be  said  that  the  correlations 
represent  the  most  probable  subdivisions, 
though  the  lines  between  different  formations 
are  somewhat  indefinite. 

Well  No.  1 ,  drilled  by  the  Baldwin  County 
Oil  Development  Co.  in  southeastern  Alabama, 
shows  at  the  surface  a  thin  deposit  of  sand  and 
clay  that  is  classed  as  Pleistocene  because  it 
imderhes  a  terrace  of  that  age.  Beneath  this 
is  a  thick  bed  of  sand  containing  some  gravel 
and  thin  beds  of  rock  and  clay,  correlated  with 
the  Citronelle  formation.  The  more  clayey 
beds  immediately  underlying  the  Citronelle 
formation  are  classed  with  the  Pascagoula  day, 
and  the  accuracy  of  this  correlation  is  strength- 
ened by  the  fact  that  at  depths  of  730  feet  and 
more  in  a  well  drilled  near  this  locality  fossils 
that  were  classed  as  Miocene  ^  were  obtained. 
The  materials  penetrated  below  900  feet  in 
well  No.  1  have  been  doubtfully  correlated 
with  several  formations,  but  Claiborne  fossils 
were  identified  from  a  collection  obtained  at 
the  well. 

The  Fort  Morgan  well  (No.  2)  was  drilled  on 
a  narrow  sandy  island  opposite  the  entrance  to 
Mobile  Bay.     This  well  is  unique  in  showing  an 

1  Smith,  E.  A.,  The  underground  water  resources  of  Alabajiia«  p.  316, 
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unusually  large  percentage  of  sand.  Fossils 
were  obtained  at  various  depths,  and  a  list  is 
given  on  page  194.  According  to  Mr.  Dallas  in- 
terpretations, the  Quaternary  material  extends 
to  a  depth  of  about  1,290  feet.  The  materials 
below  that  depth  were  doubtfully  correlated 
with  the  Pliocene  because  they  contain  fossils 
that  were  supposed  to  be  of  Pliocene  age.  They 
may  represent  the  seaward  extension  of  the 
Citronelle  formation. 

Through  the  courtesy  of  Mr.  A.  G.  Curtis, 
manager  of  the  Southwestern  Gas  Co.  at 
Shreveport,  La.,  a  log  was  obtained  of  the  Jar- 
vis  &  Meacham  well  No.  1,  on  the  level  upland 
of  Mobile  County  at  Semmes,  Ala.,  about  12 
miles  west  of  Mobile.  This  well  (No.  3)  shows 
a  thickness  of  more  than  200  feet  of  sand  and 
clay  with  a  bed  of  gravel  near  the  base.  The 
gravel  consisted  very  largely  of  coarse  chert 
pebbles  but  included  some  finer  pebbles  of 
quartz.  Some  of  the  chert  pebbles  were  more 
than  an  inch  in  diameter,  and  most  of  them 
were  subangular  or  only  slightly  roimded,  re- 
sembling the  pebbles  found  farther  north  in 
Alabama  and  in  south-central  Mississippi.  Be- 
neath the  sand  and  gravel  were  layers  of  pink 
and  white  sand  and  clay  extending  to  a  depth 
of  390  feet.  All  this  material  is  included  in  the 
Citronelle  formation  in  the  diagram.  From  the 
underlying  clays  and  associated  sand  beds  fos- 
sils were  obtained  at  several  horizons.  They 
were  submitted  to  C.  W.  Cooke,  who  reported 
that  the  characteristic  fossils  of  the  Pascagoula 
clay  were  present.  The  well  penetrated  some 
distance  into  the  Oligocene  formations,  but  no 
fossils  of  that  age  were  collected  and  the  de- 
scriptions of  the  material  are  not  sufficiently 
definite  to  permit  correlations. 

In  southern  Mississippi,  especiaUy  near  the 
coast,  there  is  a  somewhat  uniform  general, 
sequence  of  beds,  although  many  minor  varia- 
tions are  recorded  in  the  logs  of  wells,  probably 
because  the  formations  are  lenticular. 

The  well  at  Bond,  Harrison  Coimty  (No.  4), 
encountered  red  sandy  clay  and  white  sand 
having  a  total  thickness  of  about  190  feet. 
The  upper  portion  of  this  material  may 
safely  be  correlated  with  the  Citronelle 
formation,  and  perhaps  all  of  it  should  be  so 
included.  A  thick  clay  bed  that  begins  at  190 
feet  and  the  sand  below  it  are  classed  as  the 
Pascagoula  clay,  which  is  in  turn  underlain  by 


a  thicker  bed  of  clay,  the  Hattiesburg  clay.  At 
780  feet  some  chert  gravel  was  encountered 
similar  to  that  obtained  in  the  wells  at  Hatties- 
burg at  the  base  of  the  Hattiesburg  clay.  This 
gravel,  associated  with  sand  and  clay,  was 
reported  at  intervals  to  a  depth  of  1,120  feet, 
and  this  portion  of  the  well  section  is  corre- 
lated with  the  Catahoula  sandstone. 

Farther  south,  at  Wortham,  the  well  of 
the  Gulf  &  Ship  Island  Raikoad  (No.  5) 
shows  some  20  feet  of  yellow  clay  that  is 
assigned  to  the  Pleistocene.  The  underlying 
sandstones,  sands,  and  clays,  with  a  bed  of 
gravel  at  the  base,  are  placed  in  the  Gtronelle 
formation.  Beneath  this  formation  is  a  bed  of 
massive  blue  clay,  the  Pascagoula  clay,  which  is 
in  turn  underlain  by  gray  sand  of  imcertain  age. 

The  De  La  Morton  well  at  Laine,  Miss. 
(No.  6),  encountered  sand  and  clay  containing 
tree  trunks  to  a  depth  of  nearly  160  feet.  Be- 
neath this  material  clay  predominated  to  about 
565  feet,  where  a  bed  of  gravel  nearly  40  feet 
thick  was  reached.  This  clay  and  the  under- 
lying gravel  are  classed  with  the  Citronelle  for- 
mation. Characteristic  fossils  of  the  Pasca- 
goula clay  were  found  at  a  slightly  greater 
depth  and  were  reported  at  intervals  nearly  to 
the  bottom  of  the  well.  The  first  casing  was  set 
at  a  depth  of  88 1  feet,  and  apparently  some  of  the 
Pascagoula  fossils  came  from  a  sUghtly  greater 
depth  and  continued  to  appear  in  the  cuttings 
long  after  the  driU  had  penetrated  to  other  for- 
mations. Tentative  correlations  of  the  deeper 
fomations  are  presented  on  the  diagram. 

At  Brookhaven  the  well  belonging  to  the 
Southern  Gravel  &  Development  Co.  (No.  7) 
encountered  gravel  and  red  sands  that  are 
classed  with  the  Citronelle  formation.  The 
material  below  these  beds  is  all  designated 
clay,  and  subdivision  into  formations  is  im- 
possible. 

At  McComb  (well  No.  8)  the  Citronelle  for- 
mation has  an  apparent  thickness  of  about  220 
feet,  though  some  doubt  exists  as  to  the  cor- 
rectness of  the  correlation  of  the  materials 
designated  "hard  gumbo  and  dry  gravel." 
This  gravel  did  not  come  from  the  beds  en- 
countered near  the  surface,  because  a  casing 
had  been  set  in  the  well  at  a  depth  of  117  feet. 
Beneath  the  Citronelle  formation  the  Pascar 
goula  clay  is  recognized,  and  it  is  possible  that 
the  imderlying  Hattiesburg  clay  was  reached. 
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At  Osyka  (well  No.  9)  the  Citronelle  forma- 
tion is  aboiit  150  feet  thick  and  is  underlain  by 
blue  clay  and  some  sand  and  gravel  that  are 
correlated  with  the  Pascagoula  clay.  The 
point  of  contact  between  the  Pascagoula  and 
Hattiesburg  days  is  not  clearly  defined,  and 
it  is  not  possible  to  separate  the  Hattiesburg 
clay  from  the  Catahoula  formation. 

The  well  at  Woodville  (No.  10)  shows  an 
unusual  condition  in  southern  Mississippi, 
where,  because  of  the  presence  of  relatively 
hard  sandstone,  a  hill  of  hard  Miocene  sand- 
stone (Pascagoula  clay)  rose  high  enough  to  be 
above  the  level  of  the  coarse  sediments  of  the 
Citronelle  formation.  As  a  consequence  of  this 
condition  the  material  deposited  on  the  hill 
represents  only  a  portion  of  the  upper  fine- 
grained sediments  of  the  formation.  The  dia- 
gram of  this  well  with  its  thin  deposits  of  sand 
and  clay  should  be  contrasted  with  the  diagram 
of  the  Bass  well,  where  the  Citronelle  formation 
is  much  thicker.  These  two  diagrams  illustrate 
the  marked  irregularity  of  the  upper  surface 
and  the  steep  slope  of  the  Miocene  surface  to- 
ward the  coast,  though  it  should  be  noted  that 
the  gradient  of  this  surface  was  probably  in- 
creased by  downward  flexing  near  the  PUocene 
shore. 

At  Bass,  La.,  the  well  belonging  to  B.  A. 
Bass  (No.  11)  passed  through  about  100  feet 
of  Pleistocene  clay,  with  a  little  sand  at  the 
base.  Below  this  is  about  360  feet  of  clay, 
imderlain  by  sand  and  containing  some  chert 
gravel,  all  classed  with  the  Citronelle  forma- 
tion. The  sands  and  clays  at  greater  depths 
are  correlated  with  the  Pascagoula  clay. 
These  correlations  are  the  result  of  a  study  of 
a  set  of  samples  of  the  materials  penetrated. 


The  correlations  of  the  formations  pene- 
trated in  the  Camp-Hinton  Lumber  Co.'s  well 
(No.  12)  are  probably  approximately  correct, 
as  the  materials  penetrated  are  typical  of  the 
several  formations. 

The  well  at  the  Natchez  ice  factory  (No.  13) 
encountered  about  50  feet  of  sand  and  gravel 
that  have  been  assigned  to  the  Citronelle  forma- 
tion and  probably  underUe  the  gravels  of  the 
Natchez  formation.  The  underlying  mate- 
rials are  typical  of  the  Hattiesburg  day  and 
Catahoula  formation. 

Exact  correlations  of  the  materials  pene- 
trated in  the  weU  at  Bayou  Sara  (No.  14)  are 
difficult.  The  beds  in  the  upper  60  feet  appar- 
ently belong  to  the  alluvium  of  the  Mississippi 
Valley,  and  the  underlying  sands  are  thought 
to  belong  to  the  Citronelle  formation.  Beneath 
these  sands  are  interbedded  clays  and  sands 
of  the  Pascagoula  clay,  and  still  lower  is  a  thick 
mass  of  clays  underlain  by  interbedded  sands 
and  clays,  not  subdivided  into  formations. 

In  western  Louisiana,  at  Ludington,  the 
well  of  the  Ludington  &  Van  Schaik  Co.  (No. 
15)  shows  150  feet  of  sand  and  gravel  that 
belong  to  the  Citronelle  formation.  Some  of 
the  older  formations  have  been  differentiated, 
but  the  log  of  the  well  below  1,600  feet  is  diffi- 
cult to  interpret. 

At  Fullerton  the  well  of  the  Gulf  Land  & 
Lumber  Co.  (No.  16)  encountered  about  95 
feet  of  clays  containing  some  interbedded  sand 
and  gravel,  referred  to  the  Citronelle  forma- 
tion. Beneath  this  are  more  massive  clay 
beds  and  some  thick  sands  that  are  thought 
to  belong  to  the  Pascagoula  clay.  The  mas- 
sive clays  below  400  feet  are  with  some  uncer- 
tainty correlated  with  the  Hattiesburg  clay. 


THE  FLORA  OF  THE  CITRONELLE  FORMATION. 


By  Edward  Wilbeb  Bebby. 


INTRODUCTION. 

The  flora  of  the  Citronelle  fonnation,  the 
character  of  which  is  somewhat  briefly  indi- 
cated in  this  report,  is  of  special  interest  for 
several  reasons.  It  is  contained  in  widely  dis- 
tributed deposits  that  have  often  been  consid- 
ered as  forming  a  part  of  the  so-called  Grand 
Gulf  formation,  which  recent  work  has  shown 
to  embrace  a  series  of  mappable  units  ranging 
in  age  from  the  lower  Oligocene  to  the  Pliocene. 
It  is  of  a  very  recent  aspect  and  yet  it  contains 
a  considerable  number  of  extinct  types,  some 
of  which  represent  genera  unknown  in  the 
Pleistocene  or  Recent  floras  of  North  gAmerica 
and  therefore  indicate  Pliocene  age.  As  prac- 
tically no  Pliocene  plants  have  heretofore  been 
recognized  on  this  continent  the  present  flora 
has  an  enhanced  importance  as  a  basis  for  fu- 
ture comparison.  It  also  affords  very  definite 
evidence  of  the  physical  conditions  under  which 
it  flourished. 

BOTANIC  CHARACTER. 

Eighteen  species  are  recognized  in  this  pre- 
liminary contribution,  a  number  much  too 
small  for  an  extended  botanic  analysis.  The 
collections  contain  representatives  of  perhaps  a 
dozen  additional  species,  the  material  of  which 
is  obsciure  or  too  fragmentary  for  accurate  de- 
termination without  a  very  extended  compari- 
son with  Recent  forms.  The  18  identified 
forms  represent  15  genera,  13  families,  and  11 
orders.  There  are  two  gymnosperms,  one 
monocotyledon,  and  15  dicotyledons,  all  of 
which  are  arborescent  forms.    Three  species — 


the  bald  cypress,  water  oak,  and  water  elm — are 
abimdantly  represented  in  both  Pleistocene  and 
Recent  floras.  Fifteen  species  can  not  be  iden- 
tified with  Recent  or  Pleistocene  forms  and  are 
therefore  considered  extinct.  The  flora  as  rep- 
resented is,  with  three  exceptions,  an  assemblage 
closely  resembling  those  to  be  found  at  the 
present  time  along  the  south  Atlantic  and  Oulf 
coast.  The  three  exceptions  are  not  out  of 
place  in  this  assemblage  but  simply  represent 
types  no  longer  found  in  this  immediate  area. 
They  include  a  species  of  water  chestnut 
(Trapa)  that  was  abundant  in  the  American 
Tertiary  but  is  now  found  only  in  Europe  and 
Asia;  a  Cssalpinia  that  is  now  represented  in 
the  Bahamas;  and  a  Bmnelia  that  is  now  con- 
fined to  the  West  Indies  and  peninsular  Florida, 
though  Bumelia  is  still  represented  by  other 
species  in  southeastern  North  America.  The 
remains  of  the  bald  cypress,  water  chestnut, 
and  live  oak  are  by  far  the  most  abimdant  in 
the  collections,  but  the  other  oaks,  the  gum, 
and  the  hickory  are  not  uncommon.  The 
rarest  remains  are  those  of  Yucca,  Prunus,  and 
Vitis.  Yucca  is  almost  never  fossilized,  and 
Vitis  is  usually  represented  by  small  seeds  that 
might  easily  escape  detection.  The  most 
closely  related  living  species,  with  their  ranges, 
are  indicated  in  the  subjoined  table,  and  the 
number  of  species  regarded  as  extinct  that  are 
named  by  prefixing  'pre  to  the  name  of  the  cor- 
responding existing  species  shows  not  only  the 
ancestral  character  of  this  Pliocene  flora,  but 
the  close  affiliation  between  it  and  the  Pleis- 
tocene and  Recent  floras  of  the  same  latitude. 
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Fostil  pUmU/rom  CitronelU  formation  and  corrtiponding  eritting  ipeeu$. 


Pliocene  fomu. 


Taxodium  dlstichum 

Pinuflsp 

Yucca  sp 

Hicoria  pretexana 

Betula  prenigra 

FaguB  lambertenoiB 

QuercuB  nigra 

Quercua  catesbfleifolia. . . 
QuercuB  lambertenais. . . 
Quercus  previrginiana. . 

Planera  aquaiica 

Csesalpinia  citronellensiB 

FtunuBsp 

Vitiflsp 

Trapa  alabamenais 

Nyasa  aquaticaformis. . . 
Bumelia  preanguBtifolia. 
Fnudnufi  sp 


Meet  cloeely  related  existing  spedea. 


Name. 


Xorthem  limit. 


Southern  limit. 


w 


Delaware. 


Pinufl  clauaa  Sargent. 


Yucca  aloifolia  linn^ 

Hicoria  texana  }je  Conte. 

Betula  nigra  Luin6 

Fagus  americana  Sweet. . 


Southern  Alabama. 


Qu 


ercua  cateabaei  Michaux 

QuercuB  heterophy  11a  Michaux 
QuercuB  virginiana  Miller 

(«) 

Csesalpinia    bahamenais    La- 
marck. 

(?) 

?) 


T 


rapa  natans  Linn6 

Nyaaa  aquatica  Linn^ 

Bumelia  anguatifolia  Nuttall 
FraxinuB  floridana  Sargent. . 


North  Carolina. ... 

Eastern  Texas 

MassachusettB 

Ontario 

Southern  Delaware. 

North  Carolina 

New  Jeraey 

Virginia 

North  Carolina 

Bahamas 


Central  Europe... 
Southern  IllinoiB. . 
Indian  River,  Fla. 
Southern  GeoKgia. 


Cape  Romano  and  Mos- 
quito Inlet,  Fla. 

Peace  Creek  and  Halifax 
River,  Fla. 

Eastern  Texas. 

Florida  and  Texas. 

Trinity  River.  Tex. 

Cape  Malabar,  Fla. 

Louisiana. 

Texas. 

Mexico. 

Trinity  River,  Tex. 

West  indies. 


Southern  Europe. 
Nueces  River,  Tex. 
Bahamas. 

Lower  Apalachicola 
River,  Fla. 


o  Still  existing. 


FHTSICAL    CONDITIONS    INDICATED    BT    THE  > 

FLORA. 

That  this  flora  is  comparable  in  a  broad  way 
to  the  existing  flora  of  the  same  region  has  just 
been  pointed  out.  Although  one  of  the  modem 
representatives  (Fagus  americana)  reaches 
northward  to  Ontario,  it  is  not  identical  with 
the  fossil  form  and,  moreover,  finds  its  opti- 
mum conditions  much  farther  south.  One 
Other,  also  a  form  not  identical  with  its  fossil 
representative,  reaches  southern  New  England, 
but  the  others  that  range  northward  are  forms 
of  the  southern  flora,  like  the  yucca,  live  oak, 
turkey  oak,  and  water  elm,  that  reach  their 
northern  limit  in  the  Atlantic  Coastal  Plain, 
between  southern  Delaware  and  North  Caro- 
lina. The  Species  are,  without  exception, 
coastal  forms,  and  the  modern  representatives 
of  several  (Hicoria,  Ccesalpinia,  Bumelia,  and 
Fraxinus)  do  not  range  more  than  150  miles 
inland  from  the  Gulf  coast.  Without  further 
elaboration,  I  think  it  will  be  conceded  that 
the  climatic  conditions  of  this  epoch  in  the 
PUocene  could  not  have  been  appreciably  dif- 
ferent from  those  of  the  present  time  in 
southern  Alabama. 

The  physiography  during  late  PUocene  time 
and,  to  a  certain  extent,  the  vegetation  also, 
may  be  compared  with  those  of  Recent  time 


along  the  east  coast  of  the  Florida  Peninsula 
north  of  latitude  28"^,  or  along  the  Gulf  coast 
from  the  mouth  of  OcUockonee  River  west- 
ward to  Mobile  Bay.  We  may  picture  a  more 
or  less  straight  series  of  barrier  beaches, 
probably  with  active  sand  dunes,  a  mile  gt 
more  in  width,  and  broken  in  places  by  inlets. 
Back  of  these  beaches  there  were  wide  lagoons, 
of  variable  width,  perhaps  not  less  than  a  mile 
and  certainly  reaching  a  much  greater  width 
where  some  river  expanded  into  a  broad  es- 
tuary, with  its  shallow  and  muddy  bayous. 
The  water  in  the  lagoons  varied  from  fresh 
to  salt  according  to  the  presence  or  absence 
of  inlets  and  the  position  of  the  rivers.  As  is 
so  common  at  the  present  time,  the  inner 
margins  of  the  lagoons  were  bordered  in  places 
by  lines  of  old,  probably  quiescent,  vegetation- 
covered  dunes,  approximately  parallel  with 
the  seaward  zone  of  dunes.  These  rested  on 
the  seaward  margin  of  the  mainland  or  were 
separated  from  it  by  a  narrow  lagoon  of  fresh 
water  or  by  fresh  marshes  or  swamps.  The 
mainland  was  low,  flat,  and  alternately  muddy 
and  sandy,  and  had  a  very  gentle  gradient. 
The  shallow  depressions  of  its  surface  afforded 
a  congenial  environment  for  the  development 
of  cypress  ponds  or  mixed  tupelo  gum  swamps, 
with  the  associated  water  elm,  Hicoria,  and 


PROFESSIONAL  PAPER  S3    PLATE  X 


B.    THICKET     OF     LIVE    OAK     (QUERCUS    VIRGINIANA),    SANTA     ROSA     PENINSULA,     PENSACOLA 
BAY,    FLA. 

Views  TO  Illustrate  the  Pliocene  Ecology  of  Alabama. 

Photographs  by  United  States  Forest  Service. 
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Attxions,  suggesting    Recent    conditions 

exemplified  bj  the  flatwoods  of  eastern  Florida. 

Certm  mesophytic  genera  inhabiting  river 

banks  and  bottoms,  such  as  Taxodium,  Nyssa, 

EcoTkj  fietula,  Fagus,  Vitis,  and  Planera,  are 

proseired  as  fossik,    while   the   abundantly 

preserred  nuts  of  Trapa  indicate  that  it  was 

common  in  the  sluggish  river  waters.    The 

rivers   were    unquestionably    sluggish     and 

meandering.    They  expanded  in  their  lower 

courses  into  estuaries  or  broad  bayous,  bordered 

bj  swamps  in  which  grew  a  great  abundance  of 

Taxodium,  replaced  here  and  there  by  Nyssa, 

with  p^haps  a  sprinkling  of  other  mesophytic 

genera  such  as  Hicoria,  water  oak,  and  Planera. 

Hie  old  dunes  as  well  as  parts  of  the  barrier 

beaches  (islands  or  peninstilas)  supported  a 

tbick  scrub  of  various  species  of  live  oaks  and 

Uack  oaks,   with   some    pines.    The   single 

en  of  a  yucca  indicates  the  probable 

imdance  of   this  xerophytic  genus  on  the 

ttches  and  dimes,  its  habitat  and  persistent 

res  fully  accoimting  for  its  rarity  in  the 

iliferous   clays.    The   species   of   Prunus, 

pinia,   and   BumeUa  probably  grew  in 

ewhat  similar  habitats.     (Se%Pl.  XLIV.) 

The  physical  conditions  that  I  have  pictured 

based   on  the  two  locahties  that  have 

ed  fossil  plants,  and  the  preceding  state- 

t  was  written  in  the  spring  of  1911.^    It  is 

efore  of  interest  to  confirm  the  essential 

tness  of  these  conclusions  by  quoting 

Dall's  report  *  on  certain  PUocene  inverte- 

es  from  wells  in  southern  Georgia  and 

isiana  and  from  exposures  near  Burkeville, 

He  writes: 

intereat  of  this  fauna  lies  not  only  in  ita  being 

ly  brackiah  water  and  containing  a  large  number  of 

unknown  species,  but  in  its  wide  distribution 

the  edge  of  the  Pliocene  Coastal  Plain,  forming  a 
^I  horizon  hitherto  unrecognized. 
;  conditions  appear  to  have  been  not  unlike  those 
h  obtain  at  certain  portions  of  the  Gulf  coast  to-day; 
ibly  lagoons  into  which  the  streams  poured  fresh 
♦  carrying  with  it  small  fresh-water  gastropods  and 
tonally  valves  of  Unionidae.  On  the  other  hand,  the 
.  d  a«rcess  to  the  lagoons,  keeping  the  salinity  of  the 
'  Buc^h  that  03rBter6  and  anomias  could  flourish  with 

gmcdler  mollusks  which  frequent  oyster  beds,  while 
|ionally  purely  salt-water  shells  might  be  ejected  by 

iring  fishes  or  earned  by  violent  storms. 


r,  E.  W.,  A  study  of  tbe  Tertiary  floras  of  the  AtlanUc  and  Gulf 
Plain:  Am.  PUloa.  Soe.  Proc.,  voL  SO,  pp.  314^5, 1911. 
W.  H.,  On  a  hnckisli-wat«  PlioooM  fiuma  of  iht  southarn 
I  Plain:  U.  8.  Nat.  Mus.  Pwo.,  toL  tf  « p.  28,  lOU. 


AGE  INDICATED  BY  THE  FLORA. 

The  three  still  existing  species  and  the  simi- 
larity of  the  extinct  forms  to  those  of  the 
Pleistocene  and  Recent  would  seem  to  indicate 
a  relatively  late  time  in  the  Pliocene.  The 
f  acies  as  a  whole  is  modem  rather  than  Miocene. 
On  the  other  hand,  there  are  no  known  Ameri- 
can Miocene  floras  nearer  to  this  region  than 
Virginia,  and  the  large  proportion  of  extinct 
types,  much  greater  than  in  any  of  our  exlen- 
siye  Pleistocene  floras,  would  argue  for  a 
Pliocene  age.  This  is  also  indicated  by  the 
abundance  of  Trapa,  no  longer  native  in  the 
Western  Hemisphere.  The  argument  is  further 
strengthened  by  the  presence  of  coniferous 
remains,  not  described  in  this  report  because 
of  their  uncertain  character  but  believed  to 
represent  the  genus  Olyptostrobus,  which  is 
now  oriental  but  was  common  in  America 
during  the  Tertiary.  It  is  corroborated  by  the 
faunal  studies  of  Dall  previously  mentioned 
and  by  the  areal  stratigraphic  studies  of  Matson 
outlined  on  pages  1 72-1 73.  Moreover,  the  flora 
is  definitely  older  than  that  from  the  Mississippi 
River  bluffs  in  western  Kentucky,*  which  I 
have  regarded  as  Pleistocene,  though  the  beds 
in  which  it  occurs  are  overlain  by  heavy  gravels 
altogether  lacking  glacial  materials  and  for 
that  reason  some  students  are  inclined  to  con- 
sider them  as  late  Pliocene  rather  than  early 
Pleistocene. 

My  conclusion  is,  then,  that  the  flora  found 
in  the  CitroneUe  formation  belongs  in  the  later 
half  of  the  Pliocene  epoch  and  is  directly  ances- 
tral to  the  Pleistocene  and  Recent  floras  of  the 
same  region. 

THE  FLORA. 
Order  CONIRSALBS. 

mnily  PINACEJB. 

Subfiaiilly  TAZODIIKil. 

Oenns  TAZODIUM  L.  C.  Rloliard. 

Taiodium  distfchum  (Limit)  L.  C  Richard. 

Plate  XLV,  figures  1-6. 

Taxodium  distidium.    Holmes,  Eliaha  Mitchell  Sci.  Soc. 

Jour.,  p.  92,  1885. 
Taxodium  distuMm.    Hollick,  Maryland  Geol.  Survey, 

Pleistocene,  pp.  218,  237,  pi.  68,  1906. 

>  Berry,  E.  W.,  The  Mississippi  River  blufls  at  Columbus  and  Hick- 
man, Ky.,  and  their  Ibasil  flora:  U.  8.  Nat.  Mus.  Proc.,  vol.  48,  ppi 
383-303,  pi.  U-13, 1915. 
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Taxodium  dMtiekum.  Berry,  Torreya,  voL  6,  p.  89, 1906; 
Jour.  Geology,  vol.  15,  p.  339,  1907;  Am.  Naturalist, 
vol.  43,  pp.  432-434,  figs.  1,  2,  1909;  Am.  Jour.  Sci., 
4th  ser.,  vol.  29,  p.  391, 1910;  Torreya,  vol.  10,  p.  263, 
1910;  Plant  World,  vol.  16,  pp.  39-15,  figs.  1,  2, 1911; 
Am.  Jour.  Sci.,  4th  ser.,  vol.  34,  p.  219,  figs.  1,  2, 1912; 
Toireya,  vol.  14,  pp.  160,  162,  1914;  U.  S.  Nat.  Mus. 
Proc.,  vol.  48,  p.  296,  1915. 

Twigs,  seeds,  cone  scales,  and  cones  occur  at 
both  of  the  known  plant  beds  in  the  Citronelle 
formation,  and  one  of  the  localities  (Lambert) 
has  yielded  remains  of  the  staminate  catkins. 
All  these  parts  are  well  shown  in  the  accom- 
panying figures.  None  of  these  remains  can 
be  distinguished  from  those  of  the  existing 
species.  If  they  represent  that  species  they 
constitute  the  oldest  known  authentic  remains 
of  it,  for  it  has  not  heretofore  been  f oimd  in  de- 
posits older  than  Pleistocene.  This  statement 
is  seen  to  lack  significance,  however,  when  it 
is  recalled  that  it  would  be  a  difficult  task  to 
formulate  good  differential  characters  for  the 
very  common  and  widespread  Tertiary  species 
Taaodium  dubium  of  Sternberg;  in  fact,  most 
writers  refer  to  it  as  Taxodium  diatichum  mio- 
cenum.  Moreover^  indubitable  remains  of  the 
bald  cypress  have  been  recorded  from  the  late 
Pliocene  of  Germany  by  Geyler,  Kinkelin,  and 
Engelhardt  under  the  name  Taxodium  distichum 
pliocsenicum.  A  subconscious  desire  to  sub- 
stantiate the  Pliocene  age  of  the  Citronelle 
formation  might  dictate  the  reference  of  the 
Citronelle  bald  cypress  to  this  supposed  variety 
from  the  European  Pliocene.  The  probabihties 
are,  however,  entirely  favorable  to  the  supposi- 
tion that  the  forms  on  the  two  sides  of  the 
Atlantic  were  distinguished  by  features  that 
have  not  been  preserved,  though  both  may  have 
been  geographic  varieties  of  Taxodium  dubium. 
It  must  be  admitted  that  although  possibly 
distinct  the  Citronelle  form  can  not  be  differ- 
entiated from  the  existing  species,  and  in  any 
case  it  unquestionably  represents  the  inmie- 
diate  ancestor  of  that  species.  • 

Turning  to  the  geologic  record  we  find  that  no 
fossil  species  of  cypress  have  been  recorded  with 
certainty  from  strata  as  old  as  the  Cretaceous, 
although  it  is  quite  possible  that  some  of  the 
twigs  of  conifers  that  are  usually  referred  to 
Sequoia  may  really  be  those  of  the  cypress, 
and  the  fact  that  some  of  them  were  deciduous 
might  also  suggest  this  possibiUty.  In  the 
earUest  Eocene,  however,  in  the  days  when  the 
primitive  mammahan  f axma  was  replacing  the 


last  of  the  dinosatu^,  the  ancestors  of  the 
cypress  had  an  ahnost  cosmopolitan  range. 
The  records  are  very  numerous  and  are  based 
on  the  remains  of  leafy  twigs,  which  seem  to 
have  thus  early  acquired  the  deciduous  charac- 
ter for  which  their  modem  descendant  is 
remarkable.  Cone  scales  have  also  been  f  oimd, 
and  in  some  localities — ^for  example,  in  Alberta, 
in  the  basal  Eocene — the  wood,  showing  the 
characteristic  anatomical  features  of  the  genus, 
is  preserved.  For  high  latitudes  there  are 
Eocene  records  from  Siberia,  Manchuria,  Alaska, 
Grinnell  Land,  Greenland,  and  Spitzbergen. 
From  this  northern  area  the  cypress  seems  to 
have  spread  southward  over  the  western  prov- 
inces of  Canada  at  least  as  far  as  Montana, 
Wyoming,  and  Nevada.  For  the  next  succeed- 
ing geologic  epoch,  the  Oligocene,  the  records 
are  rather  meager  if  we  assmne  that  all  the 
Arctic  Tertiary  occurrences  are  Eocene  and  not 
in  part  Oligocene.  There  are,  however,  a 
number  of  European  records  of  Oligocene  oc- 
currences, including  southern  France  and  the 
Baltic  provinces  of  the  German  Empire,  from 
which  the  cypress  extended  eastward  into 
Asiatic  Rusfia.  In  the  succeeding  Miocene 
epoch  the  cypress  extended  from  Japan  on 
the  east  to  Austria,  Switzerland,  and  Italy  on 
the  west.  In  North  America  at  this  time  the 
cypress  was  present  in  Virginia,  on  the  east 
coast,  and  in  Oregon,  on  the  west  coast. 

For  the  last  epoch  of  the  Tertiary,  the  Plio- 
cene, American  records  are  lacking  aside  from 
those  of  the  Citronelle  formation,  but  a  cypress 
scarcely  if  at  all  distinguishable  from  the  still 
existing  species  was  perhaps  the  most  common 
denizen  of  the  shores  of  the  greatly  extended 
Pliocene  (Plaisancian)  sea  that  spread  over 
southern  Europe  and  eastward  into  Asia. 

The  Tertiary  period  was  followed  by  the 
climatic  changes  that  ushered  in  the  glacial  or 
Pleistocene  epoch.  Records  of  Pleistocene  mi- 
gration are  scanty,  but  we  know  that  the 
cypress  became  extinct  in  Eurasia  and  that  it 
retreated  toward  the  Gulf  region  in  America, 
perhaps  oscillating  southward  and  again  north- 
ward with  the  advance  and  retreat  of  the  ice 
front-  The  still  existing  form  in  Mexico  may 
be  a  relic  of  such  a  southward  migration. 
There  are  a  large  number  of  records  of  American 
Pleisftocene  cypress  swamps  based  on  the  pre- 
served trunks  and  typical  knees.  The  peat  of 
many  of  these  swamps  is  packed  with  the 


FLOBA  OF  THE  CITEONELLE  FORMATION. 


197 


cones  and  seeds,  or  a  lens  of  clay  may  have  pre- 
served the  deciduous  twigs.  I  have  collected 
unmistakable  staminate  aments  from  the 
Pleistocene  clays  at  one  place  in  North  Carolina. 
On  the  final  recession  of  the  last  ice  sheet  the 
climate  became  somewhat  warmer  than  that 
of  to-day,  as  is  shown  by  certain  subfossU  ani- 
mals and  plants  collected  at  several  points  from 
Maryland  to  Massachusetts,  as  well  as  by  the 
isolated  occurrence  of  members  of  the  existing 
flora  many  miles  to  the  north  of  their  normal 
range.  An  example  of  this  sort  has  been  re- 
cently recorded  by  Sears*  for  Essex  County, 
Mass.  My  own  records  of  Pleistocene  cypress 
include  seven  localities  north  of  the  present 
range  of  the  species,  one  in  New  Jersey,  nearly 
150  miles  north  of  the  present  northern  limit, 
and  one  at  Buena  Vista,  Va.,  west  of  the  Blue 
Ridge,  which  forms  its  present  northwestern 
limit.  That  these  facts  have  more  than  a  local 
significance  is  shown  by  the  admirable  and  ex- 
haustive studies  of  Scandinavian  students  who 
have  conclusively  demonstrated  a  considerable 
northward  postglacial  extension  and  a  subse- 
quent retreat  of  the  existing  flora.  In  regard 
to  the  cypress  this  last  statement  is  confirmed 
by  the  subfossU  occmrences  which  show  that 
its  range  is  steadily  contracting. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  County,  Ala. ;  Red  Bluff,  Perdido  Bay, 
Baldwin  County,  Ala. 

Collections :  United  States  National  Museiun. 

SubtemUy  ABOBTnnLfi. 

Genns  PINTrs  Llimd. 

Pinns  sp. 

Plate  XLV,  figures  8,  9. 

Large  and  well-defined  seeds  of  a  species  of 
pine  occur  in  the  collections  from  Lambert. 
The  wings  are  not  preserved,  but  many  seeds 
of  existing  species  preserved  in  Pleistocene  and 
subfossil  deposits  also  lack  the  wings.  The 
seeds  found  at  Lambert  are  more  like  those  of 
Pinna  tseda  Linafi  than  those  of  any  other  ex- 
isting species  with  which  they  have  been  com- 
pared, but  whether  they  represent  an  existing 
or  extinct  species  has  not  been  determined. 

Associated  with  the  seeds  are  fragmentary 
but  perfectly  recognizable  leaves   of  Pinus. 

>  Sean,  7.  H.,  A  soathem  flora  and  fauna  of  post-Pleistooeno  age  in 
Comity,  liass.:  Rbodora,  toI.  10,  pp.  4^-46, 1906. 


These  too  have  not  been  specifically  determined. 
A  number  of  the  existing  pines  are  coastal 
species,  the  loblolly  {Pinna  iseda)  is  of  common 
occurrence  along  shores,  and  Pinna  aerotina 
Michaux  is  distinctly  a  coastal-swamp  form. 
Pinna  cUinaa  Sargent,  of  Florida  and  southern 
Alabama,  frequents  beach  ridges  and  dunes 
and  is  found  on  the  Santa  Rosa  Peninsula  in 
association  with  the  live  oak  so  abundantly 
represented  in  the  Citronelle  formation. 

It  has  not  been  possible  to  determine 
whether  the  fossil  leaves  and  fruit  represent  a 
species  of  the  beach  ridges  or  of  the  low  coast 
of  the  mainland. 

Occurrence:  Citronelle  formation,  near  Lam- 
bert, Mobile  County,  Ala. 

Collection:  United  States  National  Museum. 

CU88  ANQIOSPXBUB. 

Subclass  MONOCOTYLBDONiB. 

Older  LHJALXS. 

TftmUy  D&AGJENACSJB. 

Oenus  TTICCA  LlimC. 

Yucca  sp. 

Plate  XLV,  figure  7. 

A  narrowly  linear-lanceolate  and  acuminate 
distal  fragment  of  a  very  rigid  coriaceous  entire 
margined  monocotyledonous  leaf,  which  con- 
stitutes  the  scanty  remains  of  this  form,  is 
insufiicient  for  a  specific  description,  and  if  it 
occiured  in  beds  belonging  to  a  more  remote 
geologic  period  or  in  a  region  and  latitude  where 
the  possibihties  of  the  flora  were  unknown  no 
positive  generic  determination  could  be  made. 
In  the  light  of  these  contributory  facts,  how- 
ever, it  is  certain  that  this  fragment  represents 
some  species  of  Yucca,  whether  a  still  existing 
or  an  extinct  species  it  is  impossible  to 
determine. 

The  genus  Yucca  contains  a  score  or  more  of 
existing  species  confined  to  the  more  arid  parts 
of  the  central  and  southern  United  States  and 
Central  America.  They  have  been  extensively 
studied  in  recent  years  by  William  Trelease,  to 
whose  writings  the  reader  is  referred  for  a  dis- 
cussion of  the  very  interesting  facts  of  their 
geographic  distribution.  The  present  fossil 
fragment  agrees  exactly  with  the  leaves  of 
Yncca  dUnfolia  Linnfi,  a  form  ranging  on 
coastal  sands  from  North  Carolina  to  Florida 
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and  westward  along  the  eastern  Gulf  coast. 
Prof.  Trelease  writes  in  a  personal  letter: 

Ywxa  alotfolia  Ib  probably  of  a  different  early  stock 
from  the  other  existing  species,  which  have  either  capsular 
fruit  or  a  dry  core  to  the  fruit  when  this  becomes  fleshy, 
aloifolia  lacking  such  a  core. 

So  far  as  I  know,  no  indubitable  fossil  re- 
mains of  Yucca  have  heretofore  been  discov- 
ered, op  that  the  importance  of  the  present 
occurrence,  despite  the  meagemess  of  the 
remains,  merits  its  discussion.  The  existing 
southeastern  species  are  distinctly  forms  of 
sandy  coastal  regions,  and  the  sands  and  dimes 
along  the  coast  during  the  time  of  the  deposi- 
tion of  the  Citronelle  formation  may  be  appro- 
priately pictured  as  supporting  an  a2oi/oZia-Uke 
form.  That  its  remains  have  not  been  more 
abundantly  encountered  in  the  deposits  of  this 
age  is  obvious  from  the  foUage  habit  in  this 
genus,  as  the  leaves  are  persistent  until  they 
become  practically  desiccated,  so  that  it  would 
require  a  cyclonic  disturbance  or  a  rapid  trans- 
gression of  fine  sediments  to  place  them  within 
reach  of  successful  fossihzation.  That  the 
type  and  only  specimen  is  a  distal  part  of  a 
leaf  sharply  broken  across  merely  emphasizes 
the  preceding  statement. 

Occurrence:  Qtronelle  formation,  near  Lam- 
bert, Mobile  Coimty,  Ala. 

Collection:  United  States  National  Museum. 

Subclass  DICOTTLXDONA. 

Order  XUQLANDALXS. 

Family  JTJQLAKDACZM, 

OenuB  HICOBIA  Baflnesque. 

Hicorla  pretexana  Berry,  n.  spi 

Plate  XLV,  figures  10-13. 

The  genus  Hicoria  is  represented  by  both 
leaflets  and  nuts  that  may  indicate  more  than 
one  species,  although  I  have  ventured  to  unite 
them  as  representing  the  nuts  and  the  lateral 
and  terminal  leaflets  of  a  single  form.  It  may 
be  described  as  follows:  Leaves  odd  pinnate; 
mmiber  of  leaflets  not  determinable.  Terminal 
leaflet  oblong-acuminate  with  cuneate  base, 
nearly  equilateral.  Midrib  stout.  Seconda- 
ries numerous,  subopposite  to  alternate,  di- 
verging from  the  midrib  at  wide  angles,  nearly 
straight  in  their  courses,  camptodrome  in 
the  mai^inal  region,  sending  small  tertiary 
branches  to  marginal  teeth.    Margins  entire  at 


base,  above  with  small  crenate  teeth.  Length 
about  10  centimeters;  maximum  width  about 
4  centimeters.  Lateral  leaflets  narrower  and 
more  inequilateral,  otherwise  like  the  termi- 
nal; petiolules  wanting.  Nuts  oblong-ovate  in 
profile,  bluntly  pointed  at  both  ends,  slightly 
compressed,  about  2.5  centimeters  long  and 
1.25  centimeters  in  diameter,  obscurely  four- 
angled. 

This  species  greatly  resembles  the  existing 
Hicoria  iexana  Le  Conte,  a  large  tree  confined 
to  the  river  bottoms  and  low  wet  woods  of 
eastern  Texas. 

The  fossil  form  was  evidently  not  uncommon, 
as  the  leaflets  and  the  nuts  were  found  at  both 
the  fossiliferous  localities. 

Occurrence:  CitroneUe  formation,  Lambert, 
Mobile  County,  Ala. ;  Red  Bluff,  Perdido  Bay, 
Baldwin  County,  Ala. 

Collections:  United  States  National  Museum. 

Order  7AQALES. 

Family  BXTULACBJE. 

Qenns  BETULA  LlnnC. 

Betula  prenigra  Berry,  n.  sp. 

Plate  XLV,  figures  14,  15. 

Leaves  of  medium  or  small  size,  broadly 
ovate  in  general  outUne.  Apex  cuneately 
pointed,  base  broadly  rounded;  margin  some- 
what irregularly  crenate.  Length  3.5  to  4 
centimeters;  maximum  width  2  to  2.5  centi- 
meters. Petiole  stout,  about  7.5  millimeters  in 
length.  Midrib  stout,  prominent  on  the  lower 
surface  proximad,  becoming  thin  distad.  Sec- 
ondaries thin,  diverging  from  the  midrib  at 
angles  of  about  45°,  craspedodrome,  six  or 
seven  pairs. 

The  present  species  sugg&sts  the  leaves  of 
the  Pleistocene  and  Recent  Betula  nigra  Linn6, 
which  inhabits  deep,  rich,  often  wet  soils  of 
banks,  bottoms,  and  swamps  from  Massachu- 
setts to  Florida  and  Texas  near  the  coast  and 
up  the  Mississippi  and  Missouri  valleys  to  east- 
em  Nebraska  and  Minnesota.  The  existing 
birches  are  prevailingly  north-temperate  forms, 
nigra  being  the  only  species  found  in  the  warm 
climate  of  Florida,  Louisiana,  and  Texas.  It 
is  also  the  only  wet-ground  species,  as  well  as 
the  only  species  ripening  its  seeds  in  the  spring 
or  early  in  summer.  This  character  points  to 
its  derivation  from  a  species  of  warm  climates, 
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such  as  the  present  fossil  form.  Betvla  nigra 
may  be  distinguished  from  Betvla  prenigra  by 
the  cuneate  base  of  its  leaf ,  which  has  a  sub- 
rhombic  f  orm,  and  by  the  commonly  sublobate 
and  doubly  serrate  margins. 

The  genus  Betula  is  widely  distributed  in  ex- 
isting floras  of  the  North  Temperate  Zone  from 
the  Arctic  Circle  to  Texas  in  North  America 
and  to  southern  Europe,  the  Himalayas,  China, 
and  Japan  in  the  Old  World.  About  30  species 
are  recognized,  of  which  about  half  are  Ameri- 
can. Numerous  fossil  species  have  been  de- 
scribed, the  earliest  of  which  occurs  in  great 
abxmdance  in  the  basal  Upper  Cretaceous 
(Dakota)  of  North  America. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  County,  Ala. 

Collection :  United  States  National  Museum. 

FamUy  FAQACSJE. 

Oenus  FAQX7S  LlnnC. 

Fagii8  lambertensis  Berry,  n.  sp. 

Plate  XLVII,  figure  5. 

Leaves  of  relatively  small  size  compared  with 
those  of  the  existing  species,  broadest  midway 
between  the  apex  and  the  base,  full  and 
rounded  laterally,  narrowing  to  the  blimtly 
pointed  tip  and  the  similarly  broadly  cimeate 
base.  Margins  entire  below,  remotely  toothed 
along  the  middle,  the  obscurely  serrate  teeth 
becoming  more  crowded  distad.  Length  about 
4.5  centimeters;  maximum  width  about  3  cen- 
timeters. Texture  subcoriaceous.  Petiole 
short  and  stout.  Midrib  medium  stout,  thin 
on  the  upper  surface  and  prominent  on  the 
lower  surface  of  the  leaves.  Secondaries  nu- 
merous, subparallel,  craspedodrome,  thin  but 
well  marked;  they  diverge  from  the  midrib  at 
angles  of  about  45°  at  regular  intervals,  becom- 
ing more  crowded  in  the  tip  and  pursuing 
straight  ascending  courses.  Tertiaries  not 
made  out. 

The  present  species  is  clearly  distinct  from 
the  existing  species.  The  leaves  of  our  com- 
mon American  Pleistocene  and  Recent  form, 
Fagus  americana  Sweet,  are  larger  and  more 
oblong  and  have  acuminate  tips  and  somewhat 
distant  or  even  remote,  abruptly  serrate  teeth. 
It  ranges  from  Canada  to  western  Florida  and 
Texas  and  in  the  Southern  States  is  confined  to 
river  bottoms  and  swamp  margins.  Its  leaves 
during  the  Pleistocene  epoch,  even  in  the  far 


South,  were  smaller  than  those  of  the  Recent 
trees  and  may  indicate  an  approach  to  the 
present  fossil  species. 

The  genus  includes  four  living  species  of  the 
North  Temperate  Zone^-one  in  southeastern 
North  America,  one  in  Europe,  and  two  in  east- 
em  Asia.  A  great  many  fossil  species  of  Fagus 
have  been  described,  and  the  oldest  known  was 
found  in  the  Upper  Cretaceous  of  both  Europe 
and  America.  The  genus  had  a  much  wider 
distribution  during  the  Tertiary  than  at  present 
and  was  practically  cosmopolitan,  being  found 
in  association  with  the  related  genus  Nothofa- 
gus  of  the  Southern  Hemisphere  in  Australia, 
South  America,  and  Graham  Land.  Fa^u8 
lambertensis  is  the  first  Pliocene  beech  to  be 
recorded  from  North  America,  but  several 
Pliocene  forms  are  abundant  throughout  cen- 
tral and  southern  Europe,  and  the  genus  has 
also  been  found  in  beds  of  this  age  in  Japan. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  County,  Ala. 

Collection:  United  States  National  Museum. 

Oenus  QUEBCIJS  Lijm6. 
Quercas  previrgiidana  Berry,  n.  sp. 

Plate  XLVI,  figures  1-8. 

Leaves  of  variable,  size;  elliptical,  oblong 
elliptical,  or  obovate,  ranging  from  long  and 
narrow  to  short  and  broad.  Apex  evenly 
roimded,  narrowly  pointed,  emarginate  or  re- 
tuse.  Base  rounded  to  narrowly  cuneate. 
Margins  entire,  commonly  revolute,  evenly 
roimded,  or  in  part  irregularly  roimded  or  in- 
cipiently  sinuate.  Length  from  2.5  to  7  centi- 
meters; maximum  width,  at  or  above  the  mid- 
dle, from  1  centimeter  to  2.5  millimeters. 
Texture  very  coriaceous.  Petiole  relatively 
long  and  very  stout,  ranging  in  length  from  3 
millimeters  in  very  small  leaves  to  1  centimeter 
in  larger  leaves.  Midrib  stout,  sometimes 
flexuous,  prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  numerous,  stout,  prominent 
on  the  lower  surface,  diverging  from  the  midrib 
at  various  angles,  usually  wide,  from  45°  to  75®; 
they  range  from  opposite  to  alternate,  but  are 
prevailingly  opposite  or  subopposite;  they  di- 
verge at  irregular  intervals  and  are  predomi- 
nantly straight  in  their  courses  but  become 
camptodrome  in  the  marginal  region.  The 
tertiaries  are  well  defined,  particularly  on  the 
lower  surface  of  the  leaf,  where  they  form  a 
minute  isodiametric  areolation,  well  shown  in 
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figures  5  and  7.  On  the  upper  surface  their 
degree  of  representation  gives  a  more  open  and 
strikingly  different  appearance,  as  may  be  seen 
in  the  upper  s\irf  aces  shown  in  figures  1 , 3,  and  4 . 

This  species  is  imquestionably  close  to  and 
prenuncial  of  the  Pleistocene  and  existing 
species  Quercus  virginiana  Miller — ^in  fact, 
leaves  of  the  latter  may  be  found  which  almost 
exactly  match  all  the  variations  shown  in  the 
Uve-oak  leaves  found  in  the  Citronelle  fonnsr 
tion.  The  variations  in  the  leaves  of  Qaercas 
previrginiana  are  regarded  as  an  indication  of 
their  synthetic  character ;  the  similar  variations 
in  the  leaves  of  Quercus  virginiana  are  regarded 
as  atavistic  characters. 

In  the  existing  flora  Quercus  virginiana  is  a 
relatively  short,  massive,  spreading  tree  rang- 
ing from  Virginia  to  northeastern  Mexico.  It 
is  confined  to  the  Coastal  Plain  and  never  grows 
naturally  far  from  the  coast  except  in  Texas, 
where  it  extends  up  the  Rio  Grande  to  the 
New  Mexico  border.  It  reaches  its  maximimi 
development  along  the  southern  Atlantic  and 
eastern  Gulf  coasts  in  rich  hammocks  but  is 
equally  at  home  on  low  sandy  ridges  and  on 
old  dunes.  It  has  been  recorded  from  Pleisto- 
cene deposits  near  Columbus,  Ky.,^  near  Mon- 
roeville,  Ala.,'  and  at  Abercrombie  Landing, 
Ala.,'  and  appears  to  have  frequented  an  envi- 
ronment exactly  comparable  with  its  present 
habitat. 

Associated  with  Quercv^  virginiana  in  the 
existing  flora  are  a  number  of  species  or  varie- 
ties that  have  had  a  common  origin.  Among 
these  are  the  dwarf  varieties  minima  and  ma- 
rUima  and  the  recently  differentiated  Quercus 
geminata.  Somewhat  more  removed  are  Quer^ 
cus  laurifoliay  Q.  cJiapmani,  Q.  myrtifolia,  Q. 
brevifoliaj  and  Q.  ohlongifolia.  Some  of  these 
may  be  regarded  as  specialized  for  particular 
habitats  and  perhaps  derived  from  Quercus 
previrginiana;  for  example,  Quercus  ohlongi- 
folia,  a  denizen  of  arid  foothills  and  mesas  in 
western  Texas,  northern  Mexico,  and  southern 
Arizona  and  New  Mexico;  Quercus  hrevHoha,  of 
inland  limestone  prairies  from  central  Alabama 
to  Texas;  Quercus  chapmani,  of  coastal  pine 
barrens  from  South  Carolina  to  Florida;  and 

>  Lesquereux,  L«o,  On  some  fossil  plants  of  reoent  fomations:  Am. 
Jour.  8ci.,  2d  ser.,  vol.  27,  p.  364, 1859. 

s  Berry,  E.  W.,  Additions  to  the  Pleistocene  flora  of  the  Boathem 
States:  Torreya,  vol.  14,  p.  161, 1914. 

•  Berry,  E.  W.,  Pleistocene  plants  from  Alabama:  Am.  Naturalist, 
▼d.  41,  p.  093,  pi.  1,  fig.  2, 1907. 


Quercus  myrtifoUa,  of  seashores  and  dimes  from 
South  Carolina  to  Florida.  The  willow  oaks 
Quercus  pheUos,  Q.  brevifolia,  and  Q.  imhriearia, 
if  they  have  diverged  from  a  conunon  stock 
with  Quercus  previrginiana,  did  so  at  a  far 
more  remote  period.  The  correlative  range  of 
some  of  these  forms  and  their  restricted  habi- 
tats within  the  general  range  lend  weight  to 
the  hypothesis  that  some  of  them  at  least  had 
a  common  and  not  remote  ancestor,  and  it  is 
partly  a  consideration  of  these  probable  facts 
together  with  minor  differences  that  has  led 
me  to  differentiate  the  Citronelle  live  oak  from 
the  existing  Quercus  virginiana,  for  even  if  it 
does  not  represent  the  original  stock  from  which 
Q,  virginiana,  Q.  geminata,  Q.  hrevHoba,  Q. 
chapmani,  and  Q.  myrtifolia  have  been  evolved 
it  certainly  is  ancestral  to  the  first  two  and  it 
is  not  far  removed  from  the  ancestor  of  the  last 
three. 

Quercus  previrginiana  is  exceedingly  abun- 
dant at  the  Lambert  locality  and  less  common 
at  Red  Bluff,  where,  however,  all  forms  of  its 
leaves  are  represented,  so  that  there  is  nothing 
to  indicate  tiiat  it  was  not  equally  abundant 
at  both  localities  in  late  Pliocene  time. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  County,  Ala. ;  Red  Bluff,  Perdido  Bay, 
Baldwin  County,  Ala. 

Collections:  United  States  National  Museum. 

Quercna  catesbsifolia  Berry,  n.  sp. 

Plate  XLVI,  figuree  12, 13. 

Leaves  large,  deeply  divided  by  rounded 
open  sinuses  into  five  oblong  lobes  with  straight 
sides,  acutely  pointed  and  with  a  subordinate 
acute  tooth  on  either  side  toward  their  tips, 
especially  in  the  terminal  lobe.  Base  entire, 
broadly  cuneate,  inequilateral.  Petiole  short 
and  stout.  Midrib  stout,  prominent,  and 
curved.  Secondaries  stout,  diverging  at  va- 
rious angles,  those  forming  the  median  vein  of 
lateral  lobes  or  running  to  marginal  teeth 
stouter  than  their  fellows  and  craspedodrome, 
the  rest  of  the  secondaries  camptodrome. 
Tertiaries  largely  percurrent.  Texture  cori- 
aceous. 

The  present  species  is  very  close  to  the  ex- 
isting Quercus  caiesbsd  Michaux,  which  ranges 
from  North  Carolina  along  the  coast  to  eastern 
Louisiana  on  dry,  barren  sandy  ridges  and 
reaches  its  largest  size  in  tidewater   South 
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Carolina  and  Georgia.  The  existing  species 
is  common  on  the  barren  hills  of  Maubila 
Ridge,  which  forms  the  divide  between  Mobile 
and  Escatawpa  rivers  and  is  made  up  of  sedi- 
ments of  the  Citronelle  formation. 

Occmrence:  Qtronelle  formation,  Lambert, 
Mobile  County,  Ala. 

Collection:  United  States  National  Museum. 

Qaercns  lambertensis  Berry,  n.  sp. 

Plate  XLVI,  figures  9, 10. 

Leaves  of  various  sizes,  equally  pointed  at 
the  apex  and  base,  consisting  primarily  of  a 
large  triangular  cuneate  terminal  lobe,  a  cor- 
responding cuneate  base  and  one  or  two  slightly 
developed  median  lateral  lobes  on  each  side. 
Lobes  all  acute  but  not  produced.  Interven- 
ing sinuses  open  and  rounded.  Petiole  short 
and  stout.  Midrib  stout,  usually  curved.  Sec- 
ondaries nimierous,  stout,  diverging  at  wide 
angles,  all  camptodrome  except  one  or  two 
median  pairs,  which  are  more  prominent  and 
run  to  the  tips  of  the  lateral  lobes  (oraspedo- 
drome).     Texture  coriaceous. 

The  smaller  leaf  figured  well  illustrates  the 
characteristic  form  of  this  species.  Although 
its  small  size  and  undeveloped  lateral  lobes 
suggest  the  juvenile  leaves  of  several  existing 
species  of  Quercus,  the  large  and  unquestiona- 
bly mature  leaves  are  represented  by  nimierous 
imperfect  specimens  which  show  that  these 
juvenile  characters  persisted  throughout  life. 
I  have  seen  small  leaves  of  the  turkey  oak 
{Quercus  caiesbad  Michaux)  that  resembled 
the  fossil,  and  the  leaves  of  the  little-known 
species  Quercus  heterophyUa  Michaux,  which 
by  some  botanists  is  considered  a  hybrid 
between  Q.  pheUos  and  Q.  vdutiruif  are  some- 
what closer  to  the  fossil  than  any  other  existing 
form.  Quercus  lamhertensis  is  less  common 
than  the  associated  Quercus  cateshaeifolia  but, 
like  that  species,  is  believed  to  have  been  an 
inhabitant  of  the  dry  sandy  ridges  near  the 
coast. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  County,  Ala. 

Collection:  United  States  National  Museum. 

Quercus  nigra  Linnt. 

Plate  XLVI,  figure  11. 

Quercus  nigra  Linn6.  Berry,  Jour.  Geology,  vol.  15,  p.  342, 
1907;  Am.  Naturalist,  vol.  41,  p.  693,  pi.  1,  figs.  3,  4, 
1907;  Am.  Jour.  Sci.,  4th  ser.,  vol.  29,  p.  394,  1910. 

Leaves  of  this  species,  of  normal  size  and 
characteristic  obovate  form,  have  been  found 


in  the  beds  of  the  Gtronelle  formation,  and  are 
of  exceptional  interest,  as  an  indication  of  the 
antiquity  of  this  handsome  oak.  The  modem 
tree  is  an  inhabitant  of  low  rich  woods  and 
bottom  lands.  Its  range  is  nearly  coincident 
with  the  Coastal  Plain  from  southern  Dela- 
ware to  eastern  Texas,  and  it  also  extends  up 
the  Mississippi  Valley  to  southeastern  Mis- 
souri and  western  Kentucky.  The  species  is 
common  in  the  Pleistocene  deposits  of  North 
Carolina  and  Alabama,  where  it  is  repre- 
sented by  both  leaves  and  acorns.  The  leaves 
of  the  existing  tree  are  remarkable  for  their 
diversity  and  the  development  of  acutely  lobed 
forms  with  broad  bases.  It  is  significant  that 
the  leaves  from  the  Citronelle  formation,  as 
well  as  the  numerous  leaves  from  the  Pleisto- 
cene, are  without  exception  those  with  the 
obovate  or  slightly  and  roundly  three-lobed 
broad  tip  and  narrowly  pointed  base,  which 
must  therefore  be  regarded  as  the  ancestral 
type  for  the  species. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  County,  Ala. 

Collection:  United  States  National  Museum, 

Order  TTBTICALSS. 

Family  ULMAGEJE. 

GknuB  PLANXBA  Qmelin. 

PUmera  aquatics  (Walter)  Gmelin. 

Plate  XL VII,  figures  1-4. 

PUmera  aqiMtica,    Hollick,  Torrey  Bot.  Club  BuU.,  vol. 

19,  p.  332,  1892. 
PUmera  aqtuitica.    Berry,  Jour.  Greology,  vol.  15,  p.  343, 

1907;  IT.  S.  Nat.  Mus.  Proc.,  vol.  48,  p.  300,  1915. 
PUmera  gmelini  Michaux.    Leequereux,  Am.  Jour.  Sd., 

2d  eer.,  vol.  27,  p.  365,  1859. 

The  present  species  is  very  abimdant  in  the 
clays  of  the  Citronelle  formation  south  of  Lam- 
bert. All  sizes  of  leaves  are  represented,  and 
there  is  a  close  identity  in  the  variations  of 
size,  form,  and  margin  between  these  fossil 
leaves  and  those  of  the  existing  species.  They 
range  from  small  lanceolate  and  nearly  equilat- 
eral leaves  with  finely  serrate  mai^ins,  12  milli- 
meters in  length  and  5  millimeters  in  maximum 
width,  through  various  sizes  to  larger  ovate 
leaves  having  markedly  inequilateral  bases  and 
coarse  crenate  teeth,  4.5  centimeters  in  length 
and  2  centimeters  in  maximum  width.  Sev- 
eral of  these  varieties  have  been  figured,  and 
there  can  be  no  question  that  they  are  identical 
with  the  living  species.    The  venation  also  is 
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identical  with  that  shown  in  the  corresponding 
leaves  of  existing  trees  of  this  species. 

The  genus  Planera  is  monotypic  in  the  exist- 
ing flora.  Its  single  species,  the  wat€r  elm, 
is  a  small  tree  of  swampy  habitats,  ranging 
from  the  valley  of  Cape  Fear  River  in  North 
Carolina  along  the  coast  to  the  valley  of 
Trinity  River  in  Texas  and  up  the  Mississippi 
Valley  to  lower  Wabash  River  in  Illinois  and 
southwestern  Indiana.  It  reaches  its  maxi- 
miun  development  in  southern  Arkansas  and 
western  Louisiana. 

Planera  aquatica  has  been  recorded  by  Hol- 
lick  from  the  late  Miocene  or  Pliocene  sand- 
stone at  Bridgeton,  N.  J. ;  by  Lesquereux  from 
the  Pleistocene  of  Colimibus,  Ky.;  and  by 
Berry  from  the  Pleistocene  of  Hickman,  Ky., 
and  Neuse  River  in  North  Carolina.  It 
evidently  had  a  more  extensive  range  in  the 
late  Tertiary  than  at  the  present  time. 

The  genus  appears  in  beds  of  early  Upper 
Cretaceous  age,  where  it  is  represented  by  four 
recorded  species  in  Greenland,  Marthas  Vine- 
yard, New  Jersey,  and  North  Carolina,  which 
would  seem  to  indicate  an  occidental  origin. 
In  confirmation  of  this  supposition,  the  five 
known  Eocene  species  are  also  confined  to 
North  America,  the  records  including  Alaska, 
Greenland,  and  the  Fort  Union  and  Green 
River  formations  of  the  Rocky  Mountain 
province.  The  single  known  Oligocene  species 
is  European.  There  are  two  or  three  Miocene 
species,  the  records  including  Colorado,  New 
Jersey,  Virginia,  Iceland,  SakhaUn,  Japan,  and 
most  European  coimtries.  The  widespread 
Miocene  species  Planera  ungeri  Ettingshausen 
lingered  throughout  southern  Europe  during 
the  PUocene. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  Coimty,  Ala. 

Collection:  United  States  National  Museum. 

Order  BOSALSS. 

Family  CJBSALPINIACSiB. 

OenuB  CJESALPINIA  LlnnC. 

CflBsalpinia  citronellensis  Berry,  n.  sp. 

Plate  XLVII,  figure  6. 

Leaflets  of  small  size,  eUiptical  to  oval  in 
general  outline,  with  a  broad,  abruptly  pointed 
inequilateral  apex  and  a  similar  base.    Mar- 


gins entire.  Texture  subcoriaceous.  Petiolule 
short  or  wanting.  Length  about  7  or  8  milli- 
meters; maximum  width,  about  midway  be- 
tween the  apex  and  the  base,  about  4  milli- 
meters. Midrib  thin.  Secondaries  thin,  three 
or  four  pairs,  diverging  from  midrib  at  a  wide 
angle  and  camptodrome.   Tertiaries  not  visible. 

The  genus  to  which  this  species  belongs 
'  contains  about  40  existing  species  of  the  Tropics 
and  subtropics  of  both  hemispheres.  It  is  no 
longer  represented  in  the  United  States, 
although  fossil  forms  are  present  in  this  area 
in  Upper  Cretaceous  and  younger  beds.  The 
genus  is  still  prominent  in  tropical  America, 
and  the  fossil  species  here  described  is  very 
similar  to  the  existing  Caesalpinia  bahamensis 
Lamarck,  of  the  West  Indies. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  Coimty,  Ala. 

Collection:  United  States  National  Museum. 

Tttmily  AMTQDALACEiE. 

Genua  PBUNUS  LinnC. 

Pmnna  sp. 

Plat©  XLVII,  figure  7. 

This  genus  is  represented  by  a  characteristic 
large  stone,  which  is  ovate,  compressed,  and 
apiculate,  about  2  centimeters  in  length  and  8 
millimeters  in  maximum  width,  and  rather 
larger  than  stones  of  our  native  southern 
species.  Apparently  it  represents  an  extinct 
form  of  large-fruited  beach  plum. 

The  genus  has  many  fossil  and  over  a  hun- 
dred existing  species,  which  are  cosmopolitan 
throughout  the  North  Temperate  Zone  and 
extend  to  low  latitudes  in  North  America  and 
Asia. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  Coimty,  Ala. 

Collection:  United  States  National  Museum. 

Order  BHAMNALSS. 

Family  VITAGEJE. 

Genua  VITIS  LinnC. 

Vltia  ap. 

A  single  well-defined  small  seed  of  Vitis,  not 
specifically  determinable,  is  contained  in  the 
collections  from  Red  Bluff,  Perdido  Bay,  Ala. 


FLORA  OF  THE  CITRONELLE  FORMATION. 


203 


Order  MTBTALES. 
Family  HTDBOGABTACSiE. 
Oenns  TBAPA  LI11116. 

Trapa  alabamensis  Berry. 

Plate  XL VI I,  figures  9, 10. 

Trapa  alabamenM.    Berry,  Torreya,  vol.  14,  p.  107,  figs. 
4,  5,  1914. 

Coriaceous  nuts,  rhomboidal  and  roughly 
bilateral  in  outline,  much  swollen  and  tuber- 
culated  medianly,  with  normally  two  short, 
conical,  acuminate,  slightly  recurved  horns. 
The  base  is  rounded  and  shows  a  conspicuous 
scar.  The  sides  are  somewhat  unsymmetrical 
and  faintly  and  irregularly  ribbed  and  usually 
show  three  large  tubercles  on  each  face  above 
the  middle.  The  base  is  large  and  full.  The 
apex  is  but  slightly  produced  or  truncated. 
Length  from  tip  to  tip  of  the  horns  about  4 
centimeters;  height  about  2  centimeters. 

Trapa  alabamensis  Berry  is  very  close  to  the 
existing  Trapa  naians  Linn6,  especially  to  the 
two-homed  variants  (the  species  is  normally 
four-horned).  Trapa  natans  is  larger  and  more 
symmetrical  and  has  stouter,  more  recurved 
horns,  a  more  extended  apex,  and  a  stouter  and 
more  symmetrical  body.  The  present  species 
is  common  in  the  late  Pliocene  clays  of  southern 
Alabama  and  was  evidently  very  common  in 
the  slow-flowing  streams  and  bayous  that 
emptied  into  the  lagoons  along  the  low  Pliocene 
coast. 

The  genus  Trapa,  formerly  included  in  the 
family  Onogracese,  is  now  made  the  type  and 
only  genus  of  the  Hydrocaryaceae  (Trapaceae 
Dumort,  1827).  There  are  three  existing 
species,  all  aquatics  and  all  confined  to  the  Old 
World  except  for  the  naturalization  of  Trapa 
natans  Linn6  in  New  England  and  New  York. 
Trapa  natans  is  irregularly  scattered  through- 
out central  and  southern  Europe,  and  that  its 
area  of  distribution  is  contracting  is  shown  by 
its  occurrence  in  postglacial  deposits  at  very 
many  localities  beyond  its  present  range  in 
Russia,  Finland,  Sweden,  and  Denmark.  The 
two  other  existing  species  are  Trapa  hicomis 
Liinn6  and  Trapa  bispinosa  Roxbury,  of  south- 
eastern and  southern  Asia. 

The  genus  has  an  extended  geologio  history. 
Rosettes  supposed  to  represent  the  floating 
leaves  {Trapa f  microphyUa  Lesquereux  and 
Trapa  f  cwneata  Enowlton)  are  widespread  in 
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the  Rooky  Mountain  province  in  beds  of  late 
Cretaoeous  and  early  Tertiary  age.  The  oldest 
recognizable  fruits  are  a  large  bicomute  form 
from  the  Eocene  of  Canada  and  Alaska  and 
Trapa  wUcoxensis  Berry,  from  the  lower  Eocene 
(Lagrange  formation)  of  Tennessee.  An  Oli- 
gooene  species  ( Trapa  credneri  Sobenk)  has  been 
recorded  from  Saxony,  and  no  less  than  five 
Miocene  species  have  been  described — one  in 
Japan  and  the  rest  in  Europe,  where  two  species 
continue  into  the  Pliocene.  The  existing  Trapa 
natans  has  been  found  in  the  preglacial  beds  of 
England  and  Saxony  and  in  many  interglacial 
and  postglacial  deposits  in  Portugal,  Italy, 
Netherlands,  Germany,  Sweden,  Russia,  and 
Denmark,  Gunnar  Andersson  in  a  recent  paper 
(1910)  mentioning  18  localities  in  West  Prussia, 
6  in  Denmark,  17  in  Sweden,  and  29  in  Finland. 
Trapa  evidently  became  extinct  in  the  Western 
Hemisphere  soon  after  the  close  of  the  Pliocene 
epoch,  for  it  is  not  a  native  in  the  existing  flora 
(it  is  naturalized  in  New  England  and  New 
York),  nor  has  it  been  recorded  from  the 
Pleistocene. 

Occurrence:  Citronelle  formation.  Red  Bluff, 
Perdido  Bay,  Baldwin  County,  Ala;  Lambert, 
Mobile  County,  Ala. 

Collections :  United  States  National  Museum. 

Order  UMBELLALSS. 

Family  GOBNACKX. 

OenuB  NTSSA  LlimC. 

Nyeaa  aqoaticaformis  Berry,  n.  sp. 

Plate  XLVII,  figure  8. 

Large  atones,  ovate-lanceolate  in  profile, 
nearly  circular  in  cross  seotion,  rounded  proxi- 
mad  and  somewhat  gradually  narrowed  and 
sharply  pointed  distad,  2.75  to  3  centimeters  in 
length  and  slightly  over  1  centimeter  in  maxi- 
mum diameter  below  the  middle,  ornamented 
with  about  12  thin  longitudinal,  sharply  keeled 
ridges  1  to  2  millimeters  in  height. 

This  very  characteristic  Nyssa  stone  is  com- 
mon in  the  Citronelle  formation.  Among  recent 
forms  it  is  similar  to  the  stones  of  the  common 
cotton  or  tupelo  gum,  a  denizen  of  swamps  and 
bayous  near  the  coast  from  the  Dismal  Swamp 
in  Virginia  through  the  Gulf  States  to  Nueces 
River  in  Texas  and  northward  up  the  Missis- 
sippi to  the  lower  part  of  the  Ohio  River  valley. 
The  genus  comprises  five  existing  species  in 
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southeastern  North  America  and  one  in  south- 
eastern Asia.  Although  some  of  the  American 
species  extend  northward  to  New  York  and 
southern  New  England,  their  center  of  distri- 
bution is  in  the  Georgia  region.  The  genus  is 
known  from  the  Upper  Cretaceous  onward  and 
was  evidently  cosmopolitan  in  the  Northern 
Hemisphere  during  the  Tertiary  period. 

Occurrence:  Citronelle  formation,  Lambert, 
Mobile  C!ounty,  Ala. ;  Red  BluflF,  Perdido  Bay, 
Baldwin  County,  Ala. 

Collections :  United  States  National  Museum. 

Order  EBENALES. 

Genus  BTTMTCTJA  Swartz. 
Bamelia  preangastifolia  Berry,  n.  sp. 

Plate  XLVII,  figure  11. 

Leaves  obovate-spatulate  in  outline,  with  a 
broadly  rounded  tip,  narrowing  rapidly  below 
the  middle  to  a  narrow,  considerably  decurrent 
base.  Margins  entire.  Textiure  coriaceous 
glabrous.  Length  about  4  centimeters;  maxi- 
mmn  width  above  the  middle  about  2.5  centi- 
meters. Petiole  short  and  stout.  Midrib  very 
stout  and  prominent.  Secondaries  numerous, 
thin,  subparallel,  diverging  from  the  midrib 
at  wide  angles,  rather  straight  in  their  courses 
and  camptodrome  in  the  marginal  region.  Ter- 
tiaries  thin,  close-set,  percurrent  at  nearly  right 
angles  to  the  midrib. 

The  present  form,  which  is  not  abundant  in 
the  collections,  resembles  the  leaves  of  the  ex- 
isting Bumelia  angusHfolia  Nuttall  in  a  great 
many  particulars.  The  latter  is  a  small  ever- 
green shrubby  or  arborescent  form  occurring 
along  the  coast  of  the  lower  half  of  peninsular 
Florida  and  on  the  keys  and  the  Bahama  Is- 
lands. It  is  also  said  to  occur  in  the  lower  part 
of  the  Rio  Grande  valley,  so  that  the  present 
late  PUocene  form,  which  was  f oimd  in  an  inter- 
mediate situation,  may  indicate  that  a  closely 
alUed  ancestral  form  was  common  along  the 
Gulf  coast  in  pre-Pleistocene  time.  The  fossil, 
which  is  described  as  a  new  species,  is  very  close 
to  the  existing  species,  differing  merely  in  its 
more  decurrent  base  and  more  prominent  vena- 
tion. Some  of  the  leaves  of  the  modem  species 
almost  exactly  match  the  fossil,  but  many  of 
them  are  much  narrower  and  relatively  more 
elongated.    They  may  be  regarded  as  variants 


from  the  type  prevailing  during  PUocene  time. 
It  would  do  very  little  violence  to  the  facts  to 
consider  the  Citronelle  form  identical  with  the 
existing  species,  but  in  view  of  the  foregoing 
considerations  it  is  believed  to  be  wiser  to  re- 
gard it  as  prenuncial. 

The  genus  Bumeha  includes  about  a  score  of 
existing  species  that  are  confined  to  America, 
ranging  from  the  southern  United  States 
through  the  West  Indies  and  Central  America  to 
Brazil.  It  includes  also  numerous  fossil  species 
of  which  the  oldest  comes  from  the  Upper  Creta- 
ceous (Dakota  sandstones)  of  the  western  in- 
terior. In  addition  to  the  six  American  lower 
Eocene  species,  which  are  the  prototypes  of 
still  existing  forms,  these  are  two  Eocene 
(Ypresian)  species  in  southern  England. 
There  are  about  a  dozen  OUgocene  species,  ten 
of  which  are  widespread  in  Europe,  one  is 
found  in  the  Apalachicola  group  of  western 
Florida,  and  two,  represented  by  both  leaves 
and  fruit,  are  found  in  the  Vicksburg  limestone 
of  Louisiana  and  Texas.  Seven  or  eight  Mio- 
cene species  are  widely  distributed  in  Europe 
and  one  is  recorded  from  the  late  Miocene  of 
Colorado  (Florissant  lake  beds). 

Occurrence:  GtroneUe  formation,  Lambert, 
Mobile  County,  Ala. 

Collection:  United  States  National  Museiun. 

Order  QENTIANALES. 

Family  OLBACE2. 

Oenns  FRAXINUS  LinnC. 

Fraxiniis  sp. 

Plate  XLVII,  figure  12. 

SmaU  and  poorly  preserved  leaflets  of  Fraxi- 
nus  are  contained  in  the  collections  from  Lam- 
bert. The  material  is  not  extensive  enough 
for  specific  determination,  but  its  resemblance 
to  the  leaves  of  the  water  ash  of  Georgia  and 
Florida  {Fraximis  floridana  Sargent)  suggests 
comparisons  with  that  species,  to  which  the 
fossil  species  is  clearly  related.  The  leaflets  are 
oblong-acuminate  in  outline,  being  widest  near 
the  middle  and  tapering  almost  uniformly  both 
proximad  and  distad.  Margins  entire  below, 
serrate  above. 

Occurrence:  CitroneDe  formation,  Lambert, 
Mobile  Countv,  Ala. 

Collection:  United  States  National  Museum. 
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PLATE  XLV. 

Paga. 

Figures  1-6.  Taxodium  distichum  (Linn^)  L.  (\  Richard 195 

1-3.  Deciduous  twigs. 

4.  Detached  leaves  and  part  of  a  catkin,  enlarged 

5.  Seed. 

6.  Gone  scale. 

7.  Yucca  sp.    Fragment  of  terminal  part  of  leaf 197 

8,9.  Pinussp 197 

8.  Seed. 

9.  J^af. 

10-13.  Hicoria  pretexana  Berry 198 

10,11.  Nuts. 

12.  A  lateral  leaflet. 

13.  A  terminal  leaflet. 

14, 15.  Betula  prenigra  Berry 198 

All  collected  at  Lambert,  Ala. 
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PLATE  XLVI. 

Figures  1-8.  Quarau  previrginiaTia  Berry 199 

9, 10.  Quercus  lamberterms  Berry 201 

11.  Quercua  nigra  Linn^ 201 

12, 13.  QuercuA  cateshasi/olia  Berry 200 

All  collected  at  Lambert,  Ala. 
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PLATE  XLVII. 

FiGUBBs  1-4.  Planera  aquatioa  (Walter)  Gmelin,  Lambert,  Ala 201 

5.  Fofftu  lambertenna  Berry,  Lambert,  Ala 199 

6.  Cmsalpinia  citronellensis  Berry,  Lambert,  Ala 201 

7.  Prunus  sp.,  Lambert,  Ala 201 

8.  Nyata  aquatica/ormia  Berry,  Red  Bluff,  Ala 203 

9,10.  Trapa  alabamensis  Berry,  Red  B\nfi,A\sk 203 

11.  Bumelia  preanguatifolia  Berry,  Lambert,  Ala 204 

12.  Fraxinus  sp.,  Lambert,  Ala 204 
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THE  CATAHOULA  SANDSTONE. 


By  George  Charlton  Matson. 


DEFINITION  OF  THE  FORMATION. 

The  name  Catahoula  was  first  used  in  1905  by 
Veatch  *  as  a  synonym  for  "  typical  Grand 
Gulf,"  but  the  description  of  the  formation, 
which  is  here  quoted,  was  not  published  until 
the  following  year.^ 

Overlying  the  foasiliferouB  Vicksburg  clays  and  lime- 
stones is  a  series  of  sandstones  and  greenish  clays  which  are 
generally  quite  different,  lithologically,  from  any  of  the 
older  beds  of  the  Tertiary  series  in  Louisiana  and  Arkansas. 
The  sandstones  which  are  the  characteristic  feature  of  this 
formation  range  in  thickness  from  a  few  inches  to  50  or  60 
feet,  and  thicknesses  of  as  much  as  140  feet  have  been 
reported. 3  These  sand  beds  are  often  cemented  by  silica 
into  very  hard  quartzites,  but  such  occurrences  are  essen- 
tially local,  and  the  quartzitic  beds  pass  laterally  in  very 
short  distances  into  soft  sandstones  or  even  unconsolidated 
sands.  These  sandstones  and  quartzitic  layers  have 
resisted  erosion  more  than  the  underlying  clays  and 
unconsolidated  sands  of  the  Eocene  and  so  have  formed 
a  line  of  rocky  hills,  the  Kisatchie  Wold,  extending  across 
Louisiana,  into  Texas  on  the  one  hand  and  into  Mississippi 
on  the  other. 

These  beds  contain  no  indication  of  marine  life,  but  land 
plants  are  abundant  and  fresh-water  shells  have  been  found 
in  several  places.  The  change  from  the  conditions  existing 
in  the  Vicksburg  is  very  marked  and  indicates  an  elevation 
during  which  the  region  where  the  oceanic  conditions  were 
favorable  for  the  growth  of  marine  life  was  considerably 
south  of  the  present  outcrop  of  the  fonnation. 

These  beds  were  observed  at  Grand  Gulf,  on  Mississippi 
River,  in  Claiborne  County,  Miss.,  by  Wailes,  the  first 
State  geologist  of  Mississippi,  who  referred  to  them  as  the 
"Grand  Gulf  sandstones."  *  Later  Hilgard  *  used  the 
name  "Grand  Gulf  group"  to  include  the  beds  exposed  in 
southern  Mississippi  between  the  Vicksburg  and  the 
relatively  recent  coastal  clays  (Port  Hudson)  and  the  name 


1  Veatch,  A.  C,  Report  on  the  underground  waters  of  northern  Lou- 
isiana and  southern  Arkansas:  Louisiana  Geol.  Survey  Bull.  1,  pt. 
2,  pp.  84, 85, 90, 1905. 

>  Veatch,  A.  C,  Underground  water  resources  of  northern  Louisiana: 
Louisiana  Oeol.  Survey  BulL  4,  pp.  38-40,  1906;  Geology  and  under- 
ground water  resources  of  northern  Louisiana  and  southern  Arkansas: 
U.  S.  Oeol.  Survey  Prof.  Paper  40,  pp.  42-43, 1906. 

s  Kennedy,  William,  Texas  OeoL  Survey  Third  Ann.  Rept.,  p. 63, 1802. 

*  Wailes,  B.  C.  L.,  Agriculture  and  geology  of  Mississippi,  pp.  216-219, 
1857. 

*  Hilgard,  E.  W.,  Report  on  agriculture  and  geology  of  Mississippi,  pp. 
147-154,  1860. 


has  been  used  with  varying  shades  of  meaning  by  different 
authors  since  that  time." 

In  view  of  this  confusion  and  in  order  to  furnish  a  name 
not  likely  to  be  misunderstood,  the  name  Catahoula  forma- 
tion is  used  in  this  paper  as  a  synon^  for  the  "typical 
Grand  Gulf"  or  the  "Grand  Gulf  proper."  This  new 
name  is  from  Catahoula  Parish,  La.,^  which  is  directly 
across  the  Mississippi  Valley  from  Grand  Gulf  and  where 
there  are  many  outcrops  which  are  lithologically  and 
stratigraphically  counterparts  of  the  beds  of  the  old  type 
locality. 

Investigations  made  by  the  author  in  1911 
showed  that  the  beds  at  the  Catahoula  type 
locality  are  in  part  the  equivalent  of  the  Chatta- 
hoochee formation  and  in  part  the  equivalent 
of  the  Vicksburg  limestone,  and  that  although 
Veatch  defined  the  Catahoula  as  of  Oligocene 
age,  he  included  in  his  maps  and  descriptions  of 
the  formation  sandstone  and  quartzite  of 
marine  origin  that  are  now  known  to  belong  to 
the  Fayette  sandstone,  of  Eocene  age.  It  is 
proposed  to  restrict  the  name  Catahoula  to  the 
nonmarine  deposits  (of  Oligocene  age)  foimd 
at  the  type  locality  and  to  elimmate  the  marine 
Eocene  sandstones  and  quartzitic  beds  with 
associated  clays  of  the  Kisatchie  Wold,  in- 
cluded by  Veatch  in  his  description  and  map- 
ping of  the  formation.  These  sandstones  and 
quartzites  contain  imprints  of  marine  fossils, 
and  some  of  the  associated  clays  are  darker  and 
more  calcareous  than  those  of  the  typical 
Catahoula.  From  their  relations  to  the  typical 
Jackson  deposits  these  beds  are  known  to  be  of 
Jackson  age,  and  they  are  also  known  to  repre- 

>  In  this  oonnection  aee  the  following:  Smith,  E.  A.,  and  Aldrich,  T.  H.. 
Science,  newser.,  vol.  16, 1902,  pp.  835^7;  Idem,  voL  18, 1908,  pp.  20-26; 
Dall,  W.  H.y  Science,  new  ser.,  vol.  16, 1902,  pp.  94<MM7;  Idem,  voL  18, 
1903,  pp.  83-85;  Hilgard,  E.  W.,  Science,  new  ser.,  vol.  18,  1903,  pp. 
180-182. 

T  It  may  be  of  historic  Interest  to  note  that  one  of  the  first  references 
to  the  outcrops  of  this  formaticm  is  to  the  exposures  at  Catahoula  Shoals 
in  Catahoula  Parish,  which  were  even  at  that  early  day  correctly  corre- 
lated with  the  exposures  east  of  the  Mississippi.  (See  Darby,  William, 
A  geological  description  of  the  State  of  Louisiana,  pp.  45-46,  Phila- 
delphia, 1816.) 
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sent  the  eastward  extension  of  the  Fayette 
sandstone. 

The  name  Catahoula  formation  as  originally 
used  by  Veatch  was  intended  as  a  synonym  for 
'^typical  Grand  Gulf''  or  the  "Grand  Gulf 
proper."  The  present  usage  makes  it  include 
that  portion  of  the  "Grand  Gulf"  which  is 
equivalent  to  the  Chattahoochee  formation  and 
the  Vicksburg  limestone  in  the  western  part 
of  the  Gulf  embayment.  It  is  believed  that 
subsequent  study  may  permit  the  separation  of 
the  formation  into  two  parts,  one  equivalent  to 
the  Chattahoochee  formation  and  the  other 
equivalent  to  the  Vicksburg  limestone. 

The  validity  of  Veatch's  objection  to  the  old 
name  "Grand  Gulf"  is  strengthened  by  the 
recognition  of  beds  of  Vicksburg  age  at  the  type 
locality  of  the  Catahoula  sandstone — Cata- 
houla Parish,  La.  An  additional  reason  for 
abandoning  the  name  "Grand  Gulf"  is  that  it 
originally  included  nearly  all  the  Tertiary 
deposits  younger  than  the  Vicksburg  limestone. 

ORIGIN  OF  THIS  INVESTIGATION. 

During  the  spring  of  1910  the  writer,  work- 
ing under  the  direction  of  T.  Wayland  Vaughan, 
began  a  study  of  the  younger  Tertiary  beds  of 
the  Gulf  Coastal  Plain.  This  investigation 
was  intended  to  cover  the  Tertiary  formations 
younger  than  the  Vicksburg  limestone,  and,  as 
originally  planned,  the  field  studies  were  to 
begin  in  western  Florida  and  were  to  be  ex- 
tended  as  rapidly  as  practicable  across  Ala- 
bama and  Mississippi,  with  a  hasty  recon- 
naissance on  the  west  side  of  Mississippi  River 
for  the  purpose  of  correlating  the  formations 
east  of  the  river  with  the  formations  recog- 
nized by  Veatch*  in  Louisiana. 

As  the  work  progressed  it  became  apparent 
that  the  investigations  serving  as  a  basis  for 
the  conclusions  reached  by  Veatch  were  not 
suiRciently  thorough  to  permit  satisfactory 
correlation,  and  the  plans  were  enlarged  to 
include  a  portion  of  the  State  of  Louisiana. 
The  field  investigations  were  interrupted  by 
many  demands  for  work  in  other  i^eas  and 
were  not  completed  until  May,  1913.  The 
preparation  of  the  reports  was  still  further 
delayed  by  the  demands  for  investigations  in 

1  Veatch,  A.  C,  Geology  and  uDderground  water  resources  of  nortbem 
LoulsJana  and  sootbffii  Arkansas:  U.  B.  Oeol.  Survey  Prof.  Paper  4A, 
pp.42etBeq.,1906. 


other  portions  of  Louisiana  and  Texas,  so  that 
office  work  was  not  completed  until  the  summer 
of  1914. 

PREVIOUS  INVESTIGATIONS. 

The  first  report  mentioning  the  ''  Grand  Gulf 
sandstone  "  is  that  by  Wailes,  of  the  Mississippi 
State  Geological  Survey.'  This  author  de- 
scribed the  typical  materials  found  at  Grand 
Gulf,  on  Mississippi  River,  and  correlated 
them  with  what  he  called  the  Davion  rock,  at 
the  place  now  known  as  Fort  Adams,  farther 
down  the  river.  He  succeeded  in  tracing 
sandstone  eastward  from  Grand  Gulf  through- 
out the  area  between  the  Bayou  Pierre  and  Big 
Black  River,  and  eastward  to  the  vicinity  of 
Raymond  and  Mississippi  Springs,  though  he 
noted  the  fact  that  the  rock  changes  in 
character,  becoming  more  uniform  in  texture 
and  softer  east  of  Grand  Gulf.  His  description 
of  the  equivalent  of  the  "Grand  Gulf  sand- 
stone'' in  the  vicinity  of  Bayou  Pierre  and 
Mississippi  Springs  was  apparently  the  r^idt 
of  field  observations,  and  he  drew  a  correct 
conclusion  concerning  the  continuation  of  this 
formation  eastward  beyond  Pearl  River. 

The  next  extensive  report  dealing  with  the 
"Grand  GxiW  was  published  in  1860 by  Hil- 
gard,'  then  State  geologist  of  Mississippi. 
This  publication  gave  a  more  comprehensive 
description  of  the  "Grand  Gulf  sandstone," 
which,  as  in  Wailes's  report,  was  made  to 
include  the  rock  as  far  south  as  Fort  Adams. 
Several  excellent  sections  were  described  in 
detail,  and  the  information  about  specific 
localities  was  unusually  full.  The  report  was 
evidently  the  result  of  extensive  field  investi- 
gations covering  the  entire  area  from  Mississippi 
River  to  the  eastern  boundary  of  the  State. 
Hilgard  wished  to  determine  the  economic 
value  of  this  as  well  as  other  geologic  forma- 
tions, and  he  therefore  gave  a  large  amount  of 
time  to  the  study  of  the  lithology  and  chemical 
composition  of  the  rocks  included  in  the  "  Grand 
Gulf."  He  mentioned  the  absence  of  marine 
fossils  in  this  formation,  the  general  lack  of 
calcareous  materials,  the  wide  distribution  of 
gypsum  and  salt,  and  the  presence  at  certain 

'Wailes,  B.  L.C.,  Report  on  the  agriculture  and  geology  of  Ml.ssl»> 
sippf ,  pp.  21ft-319, 1854. 

>  Hilgard,  E.  W.,  Report  on  tbe  geology  and  agriculture  of  Mississippi: 
pp.  147-154, 18Q0. 
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localities  of  fossil  wood  and  leaves.  His  con- 
clusions concerning  the  nonmarine  character 
of  the  formation  appear  to  be  in  the  main  cor- 
rect, as  is  also  the  table  showing  the  ''Grand 
Gulf  formation/'  as  he  mapped  and  described 
it,  containing  representatives  of  geologic  for- 
mations ranging  in  age  from  the  top  of  the 
Oligocene  Vicksburg  limestone  to  the  Pliocene. 
In  the  description  of  different  localities  Hil- 
gard's  report  is  an  exceptionally  valuable 
source  of  information  to  those  who  wish  to  ex- 
amine the  different  types  of  sediments  in- 
cluded by  him  in  the  formation. 

After  the  appearance  of  Hilgard's  report 
many  years  elapsed  before  field  investigations 
were  again  imdertaken  in  the  areas  where  the 
"Grand  Gulf  formation"  is  exposed.  In  1893 
Johnson  ^  described  the  extension  of  the 
"Grand  Gulf*'  into  Alabama  and  divided  it 
into  four  phases,  which,  arranged  in  order  from 
the  oldest  to  the  youngest,  are  (1)  the  Bayou 
Pierre  phase,  in  which  the  rock  is  highly  sili- 
ceous and  in  places  quartzitic;  (2)  the  Fort 
Adams  or  MlisviUe  phase,  including  the  softer 
sandstones  and  dense  clay;  (3)  the  Hattiesburg 
phase,  which  is  less  siliceous  than  the  two  pre- 
ceding and  in  places  lignitic;  (4)  the  Pascagoula 
phase,  which  consists  of  tenacious  clays  con- 
taining calcareous  nodules  and  locally  aboimd- 
ing  in  shells  of  mbllusks.  Unfortunately,  some 
of  the  lines  separating  the  different  phases  are 
apparently  drawn  diagonally  across  the  strike 
and  they  do  not  separate  distinct  lithologic  or 
time  units.  The  first  two  phases  of  the  "  Grand 
Gulf,"  as  discussed  by  Johnson,  appear  to  in- 
clude the  Catahoula  sandstone  and  in  some 
places  younger  beds. 

A  report  by  E.  A.  Smith,*  published  in  1894, 
was  confined  largely  to  a  discussion  of  the 
"Grand  Gulf"  and  other  formations  in  the 
State  of  Alabama,  but  reference  was  made  to 
the  classic  localities  of  Hilgard  and  Wailes  in 
Mississippi.  Most  of  the  beds  in  Alabama  that 
Smith  classed  as  "Grand  Gulf  are  now  cor- 
related with  the  formations  belonging  to  the 
Apalachicola  group  as  developed  in  eastern 
Alabama  and  western  Florida. 

1  Johnson,  L.  C,  The  lilocene  group  of  Alabama:  Sdenc«,  vol.  21,  pp. 
90-91, 1893. 

*  Smith,  £.  A.,  Johnson,  L.  C,  and  Langdon,  D.  W.,  Report  on  the 
geology  of  the  Coastal  Plain  of  Alabama,  pp.  97-107,  Alabama  Geol. 
Survey,  1894. 


A  subsequent  paper  by  Smith  and  Aldrich ' 
described  the  "Grand  Gulf  ^'  of  southern  Ala- 
bama and  assigned  to  it  a  position  in  the 
geologic  column  above  the  Pascagoula  phase 
of  Johnson.  In  this  discussion  the  "Grand 
Gulf*'  was  made  to  include  the  mottled  clays, 
sands,  and  sandstones  resting  upon  the  Vicks- 
burg lim^tone  and  other  clays  and  sands  of 
similar  appearance  lying  stratigraphically  above 
some  of  the  younger  Tertiary  formations.  The 
''Grand  Gulf,"  according  to  these  authors, 
would  therefore  be  a  blanket  formation  of  rela- 
tively recent  geologic  age,  or,  as  the  authors 
describe  it: 

Our  recent  observations,  however,  of  the  unconformity 
existing  between  the  Grand  Gulf  and  the  fossiliferous 
Tertiary  beds  in  these  localities,  and  of  the  occurrence  of 
the  former  as  surface  beds  southward  to  the  very  shores 
of  the  Gulf,  compel  us  to  change  our  views  and  to  assign 
to  the  Grand  Gulf  a  place  in  the  stratigraphic  column  not 
only  far  above  the  Tertiaries  Exposed  on  the  Chattahoochee 
and  Escambia  rivers,  but  also  above  any  unquestioned 
Tertiary  existing  in  Alabama. 

The  evidence  of  the  comparatively  recent  age  of  the 
Grand  Gulf  formation  thus  furnished  by  its  surface  distri- 
bution is  confirmed  and  extended  by  the  materials  brought 
up  from  three  deep  wells  bored  in  Mobile  County,  viz, 
one  at  the  brewery  in  the  city,  one  about  3  miles  south- 
west of  the  city  (the  Bascom  well),  and  one  at  Alabama 
Port  on  Mon  Louis  Island,  near  the  southeastern  end  of 
the  county. 

From  the  foregoing  quotation  and  the  list  of 
fossils  given  by  these  authors  it  is  clear  that 
they  regarded  the  "Grand  Gulf"  as  younger 
than  the  Pascagoula. 

In  discussing  the  paper  by  Smith  and  Aid- 
rich,  Dall  *  expressed  the  opinion  that  the  beds 
they  described  comprised  only  the  upper  por- 
tion of  what  Hilgard  called  "Grand  Gulf."  In 
the  same  paper  Dall  restated  his  views  con- 
cerning the  tentative  use  of  the  term  "Grand 
Gulf,"  as  follows: 

In  1898  '  I  was  obliged  to  decide  on  some  portion  of  the 
original  Grand  Gulf  which  should  continue  to  bear  the 
name,  after  deduction  of  beds  of  which  the  age  had  been 
determined,  and  fixed  upon  the  Oligocene  clays  containing 
lignite  and  fossil  palm  leaves,  the  only  fossils  cited  by 
Hilgard  in  his  original  description,  and  in  my  table  of 
Tertiary  horizons  referred  to  them  as  '^  typical  Grand 
Gulf.''    The  beds  which  Messrs.  Smith  and  Aldrich  call 

*  Smith,  E.  A.,  and  Aldrich,  T.  H.,  The  Grand  Oulf  formation:  Science, 
new  ser.,  vol.  16,  pp.  835>837, 1902. 

*  Dall,  *W.  H.,  The  Grand  Gulf  formation:  Sdenoe,  new  ser.,  vol.  16, 
pp.  946-947, 1902. 

B  U.  B.  Geol.  Survey  Eighteenth  Ann.  Kept.,  pt.  2,  p.  340  and  table. 
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"Gruid  Gulf*'  in  their  communication  to  Science  are  not 
the  flame  but  are  the  nonfossiliferous  upper  portion  at  the 
other  end  of  Hilgard's  Grand  Gulf  section.  I  have  little 
doubt  that  their  aflenimption  as  to  the  late,  possibly  Plio- 
oene  age  of  these  beds  is  correct,  though  it  can  only  be 
proved  by  further  and  paleontological  evidence,  but  this 
decision  is  merely  an  equivalent  of  the  ideas  above  cited 
from  Hilgaid  and  therefore  not  new. 

The  views  held  by  Smith  and  Aldrich  were 
elaborated  in  a  later  paper  ^  which  sums  up 
their  conclusions: 

1.  The  Grand  Gulf  of  ''Messrs.  Smith  and  Aldrich''  is 
the  same  fossiliferous  formation  which  Ililgard  has  de- 
scribed by  that  name^  and  not  merely  "the  upper  non- 
fossiliferous portion  at  the  other  end  of  Hilgard's  section." 
It  is  the  same  formation  which  Professor  Dall  calls  the 
"typical  Grand  Gulf"  in  his  recent  communication  and 
which  he  considers  Oligocene,  and  a  remnant  of  the  heter- 
ogeneous Grand  Gtilf  of  Hilgard .  We  are  compelled  by  the 
facts  to  believe  that  this  typical  Grand  Gulf  is  not  Oligocene 
at  all,  but  that  it  belongs  about  a  quarter  of  a  mile  verti- 
cally above  the  place  in  the  geological  scale  to  which  it  is 
assigned  by  Professor  Dall.     • 

2.  There  is  also  no  Miocene  Grand  Gulf,  as  Langdon's 
discovery  has  proved  and  as  has  been  confirmed  by 
other  geologists  who  have  studied  the  Ghattahoochee- 
Apalachicola  section.  We  might  perhaps  more  correctly 
say  there  is  no  Miocene  Grand  Gulf  below  the  horizon  of 
the  Pascagoula,  if  that  be  certainly  proved  to  be  Miocene. 

3.  We  think  our  facts  prove  that  the  Grand  Gulf,  all 
and  singular,  occupies  a  place  in  the  geol(^ical  colimin 
below  the  Lafayette  and  above  the  Pascagoula  (which  is  the 
uppermost  of  the  Tertiary  formations  as  yet  determined 
along  the  Gulf  coast).  This  is  all  we  have  endeavored  to 
show,  and  it  was  the  ndson  d'etre  of  otur  first  note.  We  do 
not  see  wherein  what  we  have  there  said  in  any  way 
confirms  Professor  Dallas  "earlier  determinations"  and, 
fiurthermore,  we  think  that  our  view  of  the  age  of  the 
Grand  Gulf  is  new,  and  not  a  mere  equivalent  of  the  views 
of  any  other  geologist. 

In  a  paper  by  Dall  *  published  subsequently 
he  restated  his  opinion  that  the  *' Grand  Gulf" 
as  a  whole  does  not  he  stratigraphically  above 
the  Pascagoula  clay.  After  disclaiming 
knowledge  based  on  personal  observation,  he 
cited,  in  support  of  his  position,  the  statements 
of  Wailes,  Hilgard,  Smith,  Harris,  and  Miss 
Maury.  The  statement  by  Miss  Maury  *  is 
given  below. 

The  Grand  Gulf  sandstones  reach  their  eastern  limit  in 
south-central  Alabama.     Near  Oak  Grove   the  typical 

I  Smith,  E.  A.,  and  Aldrich,  T.  H.,  The  Grand  Oalf  formation:  Scienoe, 
new  ser.,  vol.  18,  pp.  20-26, 1903. 

*  DaU,  W.  H.,  The  Grand  Gulf  formatton:  Science,  new  ser.,  vol.  18, 
pp.  8^-85,  1903. 

*  ICaury ,  C.  J. ,  Comparison  of  the  Oligocene  of  western  Europe  and  the 
southern  United  States:  Bull.  Am.  Paleontology,  vol.  3,  No.  15,  p.  70, 
1902. 


sandstone  beds  pass  beneath  the  Oak  Grove  sand,  indi- 
cating that  the  sandstone  is  approximately  of  the  same 
age  as  the  Chattahoochee. 

DaU  *  divided  the  ''Grand  Gulf''  into  ''typi- 
cal Grand  Gulf/'  the  equivalent  of  the  lower 
part  of  the  Chattahoochee;  Ellisville  phase, 
Grand  Gulf  (?),  represented  in  the  upper  part 
of  the  Chattahoochee;  beds  in  Alabama  and 
Georgia  corresponding  to  the  Chipola  marl  of 
the  Apalachicola  section ;  and  the  Hattiesburg 
phase  and  Oak  Grove  sand,  equivalent  to  the 
Alum  Bluff.  He  separated  the  Pascagoida 
from  the  "Grand  Gulf/'  and  his  subdivisions 
were  the  same  as  those  made  by  Johnson.* 

In  1896  Vaughan  •  discussed  the  "Grand 
Gulf  group"  in  Louisiana,  and,  following  the 
classification  adopted  by  Dall,  assigned  it  to 
the  upper  Oligocene: 

The  upper  Oligocene  of  Louisiana  is  represented  by  the 
Grand  Gulf  group  of  Hilgard.  These  rocks  have  been 
described  by  Ililgard,  Hopkins,  Johnson,  and  Lerch. 
They  are  composed  of  clays,  sands,  claystones,  sandstones, 
and  quartzites.  So  far  no  fossils,  except  a  few  plants,^ 
have  been  collected  and  determined  from  them,  but  they 
are  referred  to  the  Upper  Oligocene  because  they  are 
without  doubt  the  same  as  the  Grand  Gulf  of  Mississippi, 
the  age  of  which  has  been  fixed. ^ 

The  Uterature  contains  many  other  references 
to  this  formation,  but  inasmuch  as  the  classifi- 
cations adopted  agree  with  one  or  another  of 
those  already  mentioned,  it  does  not  appear 
necessary  to  cite  all  these  references. 

The  first  definition  of  the  Catahoula  is  found 
in  two  reports  by  Veatch,*  who  described  the 
materials  occurring  west  of  Mississippi  River, 
correlated  them  with  the  typical  "Grand  Gulf 
sandstone"  at  Grand  Gulf,  Miss.,  and  intro- 
duced the  new  name  because  of  the  confusion 
concerning  the  use  of  the  name  "Grand  Gulf" 
by  some  of  the  earlier  investigators. 

•  Dall,  W.  H.,  and  Stanley-Brown,  Joseph,  Cenoxoic  geology  along 
the  Apalachioola  River:  Qeol.  Soc.  America  Boll.,  vol.  5,  p.  170, 1894. 

ft  Johnson,  L.  C,  The  Miocene  group  of  Alabama:  Science,  vol.  21,  pp. 
90-91, 1893. 

•  Vaughan,  T.  W.,  A  brief  contribution  to  the  geology  and  paleon- 
tology of  northwestern  Louisiana:  U.  S.  Qeol.  Survey  BuU.  142,  p.  24, 
1896. 

» Knowlton,  F.  H.,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  pp.  89-91, 1888. 

•  Dall,  W.  H.,  and  Stanley-Brown,  Joseph,  Geol.  Soc.  America  Bull., 
vol.  5,  pp.  164, 167, 1894.  Smith,  E.  A.,  Am.  Jour.  Sci.,  3d  ser.,  vol.  47, 
p.  296,  AprQ,  1894;  Chart  to  geological  map  of  Alabama,  1894.  DaU, 
W.  H.,  U.  S.  Geol.  Survey  Eighteenth  Ann.  Kept.,  pt.  2, 1898. 

•  Veatch,  A.  C,  Underground  waters  of  northern  Louisiana  and 
southern  Arkansas:  Louisiana  Geol.  Survey  Bull.  1,  pp.  84,  85, 90, 1905; 
Geology  and  underground  water  resources  of  northern  Louisiana  and 
southern  Arlcansas:  U.  S.  Geol.  Survey  Prof.  Paper  46,  pp.  42-43, 1906. 
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Vaughan  ^  presented  in  a  recent  correlation 
paper  the  following  quotation  from  a  manu- 
script by  Alexander  Deussen: 

As  here  interpreted,  the  Catahoula  sandstone  is  a  litho- 
logic  and  stratigraphic  unit  which  transgresses  several 
biologic  zones.  Stated  differently,  it  is  conceived  to  be 
of  different  ages  and  to  have  been  laid  down  at  different 
periods  in  the  different  regions  of  its  occurrence.  In 
southwest  Texas  it  is  of  Claiborne  age,  and  this  kind  of 
deposition  seems  to  have  begun  in  this  area  as  early  as 
Claiborne  time.  In  central  Texas,  in  the  region  of  the 
Brazos,  it  is  largely  of  Jackson  age.  In  eastern  Texas  it 
is  largely  of  Vicksburg  age.  According  to  Matson,  the 
vertical  transgression  continues  across  Louisiana  into 
Mississippi,  where  the  formation  is  of  post- Vicksburg  age. 
This  kind  of  deposition  began  in  southwest  Texas  in 
Claiborne  time,  gradually  shifted  eastward,  and  prevailed 
in  Mississippi  as  late  as  middle  Oligocene  time.  If  this 
interpretation  is  correct  it  precludes  the  possibility  of  an 
unconformity  between  deposits  of  Eocene  and  Oligocene 
ages  in  the  Coastal  Plain;  no  evidence  of  such  uncon- 
formity has  been  found. 

UTHOLOGY. 
ITNWEATHEBED  MATERIALS. 

The  Catahoula  sandstone  is  composed  of 
many  alternations  of  sandstones,  sands,  and 
clays,  the  arenaceous  sediments  predominating 
and  the  argillaceous  materials  being  distributed 
in  more  or  less  extensive  beds  of  lenticular 
shape.  (See  Pis.  XLVIII  and  XLIX,  A.) 
Loose  sands  are  comparatively  rare,  and  inter- 
lamination  of  sands  and  clays  is  not  conspicu- 
ous. The  sandstones  are  commonly  fine 
grained,  and  many  of  them  contain  more  or 
less  clay.  Locally  coarse-grained  sandstones  or 
fine-grained  conglomerates  are  found,  and  the 
material  is  largely  quartzj  either  in  the  form  of 
pebbles  or  sand.  Li  some  of  the  sand  the  par- 
ticles are  so  minute  that  the  rock  resembles 
clay.  An  exception  to  the  general  character 
of  the  conglomerate  is  f oimd  in  layers  of  clay 
pebbles  that  have  been  noted  in  the  sandstones 
and  in  the  sands  resulting  from  weathering. 
These  clay  pebbles  and  those  formed  from 
quartz  are  commonly  distributed  in  lines  paral- 
lel to  the  stratification  of  the  rock,  though  they 
are  in  few  places  so  niunerous  as  to  make  a 
definite  stratum  themselves.  In  some  places 
masses  of  clay  a  few  inches  in  diameter  occur  in 
association  with  pebbles.  The  occurrence  of 
clay  conglomerates  is  not  restricted  to  any  por- 

I  Index  to  the  stratigraphy  of  North  Amerioa:  U.  S.  Oeol.  Survey 
Fzof.  Paper  71,  p.  790, 1912. 


tion  of  the  formation,  but  the  pebbles  are  scat- 
tered from  top  to  bottom  and  appear  to  be  the 
result  of  local  conditions  of  sedimentation 
rather  than  to  indicate  any  widespread  uncon- 
formity. 

Cross-bedding  is  general  throughout  the  for- 
mation (see  fig.  21  and  PI.  LIII,  A,  p.  220), 
and  in  some  places  short  lenses  of  sandstone 
show  concentric  banding.  The  beds  are  as  a 
rule  only  slightly  indurated  (see  PL  LIII,  B)y 
though  in  a  few  places  in  western  Mississippi 
the  rock  is  sufficiently  well  cemented  to  be  used 
for  building  stone.  At  Grand  Gulf,  Miss.,  near 
Pollock,  La.,  and  at  some  other  localities  thin 
layers  are  firmly  cemented  into  a  very  dense 
quartzite,  but  rock  of  this  type  is  apparently  of 
only  local  occurrence.  A  change  from  slightly 
consolidated  sands  to  quartzite  in  this  forma- 
tion would  scarcely  be  expected,  but  it  has 
occurred  in  some  places  where  the  type  and 
quantity  of  mineral  matter  in  solution  in  the 
waters  furnished  favorable  conditions  for  the 
deposition  of  silica  in  the  sands. 

The  sandstones  and  sands  vary  in  color  from 
gray  to  white,  with  locally  a  light-greenish 
tinge.  The  clays  are  commonly  massive,  more 
rarely  interlaminated  with  sand,  and  show  a 
tendency  toward  cuboidal  fracture.  Many  of 
the  clay  beds  are  shown  by  an  ordinary  hand 
lens  to  contain  a  very  large  percentage  of  fine 
sand,  and  in  some  places  this  material  is  notice- 
able without  a  lens.  In  general  the  clays  are 
somewhat  sandy,  though  some  thin  beds  are 
notably  free  from  silica.  Selenite  and  probably 
some  of  the  amorphous  forms  of  gypsum  are  in 
places  abundant  in  the  clays  and  occur  in  a  few 
localities  in  the  sandstones.  Here  and  there 
rosettes  of  calcium  carbonate  occur  on  the  sur- 
faces of  the  clay  layers  and  in  the  crevices  where 
the  clays  are  slightly  broken  or  jointed.  These 
rosettes  have  usually  been  regarded  as  accimiu- 
lations  of  gypsum,  but  many  of  them  dissolve 
with  vigorous  effervescence  when  placed  in 
dilute  hydrochloric  acid,  revealing  the  presence 
of  the  carbonate. 

The  clays  of  the  Catahoula  sandstone  have  a 
wide  range  in  color,  from  light  gray  or  white  to 
brown  or  black.  The  dark  colors  are  due  to 
the  presence  of  organic  matter,  either  in  thin 
laminae  or  distributed  in  the  form  of  particles 
of  lignitized  wood.     The  purer  clays  are  pale 
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blue  or  green  when  first  exposed  to  the  at- 
mosphere, but  on  weathering  the  color  changes 
to  gray  or  white. 

The  thicknesses  of  the  different  beds  in  the 
formation  are  indicated  in  a  general  way  by 
the  sections  in  figure  18. 

WEATHSBED  ICATEBIALS. 

When  exposed  to  the  weather  the  sandstones 
of  the  Catahoula  change  from  light  gray  or 
white  to  deep  red  or  yellow,  the  transition 
commonly  being  effected  through  various 
stages  of  mottling.  The  change  in  color  is  in 
places  due  to  the  presence  of  grains  or  small 
nodules  of  iron  sulphide  in  the  form  of  pyrite, 
or  marcasite,  which  on  exposure  to  the  moist- 
ure and  oxygen  of  the  air  changes  to  the 
hydrous  oxide  of  iron.  In  this  process  the 
chemical  compoimds  which  are  produced  ex- 
ercise a  disintegrating  effect  upon  the  sand- 
stone, tending  to  break  it  down  into  more  or 
less  incoherent  sand.  During  the  first  stages 
the  sandstones  exhibit  a  spotted  and  blotched 
appearance  at  points  where  the  iron  compounds 
were  originally  most  abundant,  and  as  the 
weathering  progresses  the  color  becomes  a  more 
nearly  uniform  red  and  thereafter  changes 
gradually  to  orange  or  pale  yellow.  (See  PI. 
XTJX,  B.)  In  examining  beds  of  this  sand- 
stone it  is  in  places  possible  to  trace  every 
gradation  from  the  original  light-colored  rock 
to  the  final  product  of  mature  weathering, 
orange-colored  and  yellow  sand.  Certain  pecu- 
liarities of  the  texture  of  the  rock  are  not 
affected  by  weathering;  for  example,  where 
there  were  layers  of  pebbles  in  the  original 
sandstone  the  pebbles  are  arranged  in  a  similar 
way  in  the  weathered  sand. 

The  weathering  of  the  clays  -produces  a 
more  or  less  sandy,  plastic  mass  of  orange  or 
yellow  color,  but  they  pass  through  the  same 
stages  of  mottling  and  blotching  as  the  sand- 
stones. During  the  early  stages  of  the  process 
a  peculiar  purplish-red  color  is  produced, 
though  this  color  is  not  characteristic  of  this 
particular  terrane  but  is  found  also  in  other 
formations,  both  older  and  younger. 

PALEONTOLOGY. 

Fossils  are  rare  in  the  Catahoula  sandstone, 
no  remains  of  marine  invertebrates  having  yet 
been   specifically  identified   and   only   a  few 


localities  showing  any  trace  of  organic  life  other 

than  lignitized  wood.     Fossil  shells  of  the  genus 

Unio  have  been  noted  in  a  few  places,  among 

them  being  areas  of  sandstone  in  the  chalk 

hills  in  Louisiana,  and  imprints  of  oyster  shells 

were  f oimd  in  a  lens  of  limestone  a  mile  east  of 

Lena,  La.    At  a  few  places  imprints  of  leaves 

sufficiently  well  preserved  to  be  identified  have 

been   collected,    and   these   are   described   on 

pages  227-243  by  E.  W.  Berry.     Silicified  wood 

is  widely  distributed  throughout  the  formation, 

and  the  most  common  fragments  are  those  of 

palm  trees. 

TOPOGRAPHY. 

The  area  in  which  the  Catahoula  sandstone 
is  exposed  has  been  extensively  eroded,  the 
surface  being  reduced  to  slopes.  The  major 
streams  have  cut  broad,  steep-sided  valleys 
across  this  formation,  and  their  tributaries 
have  extended  their  ramifications  so  as  to 
drain  the  entire  area.  The  principal  rivers 
crossing  the  formation  are  Sabine  River,  on 
the  western  boundary  of  Louisiana,  and  the 
Mississippi  and  its  tributaries,  including  Red 
River  in  Louisiana  and  Big  Black,  Pearl,  and 
Chickasawhay  rivers  in  Mississippi.  In  the 
region  covered  by  the  Catahoula  sandstone 
there  is  a.  difference  in  elevation  of  100  to 
nearly  300  feet  between  the  levels  of  the 
streams  and  the  heights  of  the  neighboring 
portions  of  the  upland.  The  accompanying 
topographio  map  of  a  portion  of  the  Florence 
quadrangle.  Miss.  (PI.  L),  shows  the  charac- 
teristic hilly  topography  of  the  Catahoula  sand- 
stone, the  comparatively  level  plain  developed 
on  the  Vicksburg  limestone,  and  the  broad 
valley  of  Pearl  River,  one  of  the  principal 
streams  in  Mississippi. 

The  major  streams  have  meandered  enough 
to  develop  broad,  steep-sided  valleys  across 
the  Catahoula  sandstone,  and  most  of  the  val- 
leys have  been  excavated  below  their  present 
levels  and  then  partly  refilled  with  alluvium. 
The  amoimt  of  this  filling  is  in  most  places 
great  enough  to  conceal  the  underlying  Cata- 
houla except  on  the  convex  curves  of  some  of 
the  meanders.  Pearl  River  presents  unusual 
conditions  because  it  is  partly  obstructed  at 
several  places  by  hard  layers  of  sandstone  or 
clay  that  produce  stretches  of  quiet  water 
interspersed  with  rapids.  Similar  conditions 
are    found   on   Red   River   near   Alexandria, 
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though  the  conditions  there  ar«  explained  by 
the  fact  that  the  river  has  been  deflected  from 
its  old  channel  in  recent  geologic  time,  and  a 
new  channel  has  been  formed  across  spurs  of 
the  Catahoula  sandstone  that  project  from  the 
adjacent  hills. 

The  northern  mai^;in  of  the  formation  is 
characterized  by  hills  rising  more  or  less 
abruptly  above  the  older  geologic  formations. 
(See  fig.  19.)  The  name  Kisatchie  Wold  was 
used  by  Veatch '  to  designate  the  line  of  high 
hills  in  Louisiana  south  of  the  contact  between 
the  Catahoula  formation,  as  he  used  the  name, 
and  the  Jackson  formation.  Although  this 
portion  of  the  Catahoula  of  Veatch  is  now 
correlated  with  the  Eocene  Fayette  sandstone, 
the  wold  is  suflSciently  typical  of  scarps  pro- 


cemented  into  irregular  ledges  of  quartzite. 
Sands  are  usually  more  resistant  than  clays 
because  they  are  less  easily  attacked  by  rain 
water  and  sheet  erosion  and  are  less  readily 
affected  by  small  streams  such  as  those  which 
do  the  major  part  of  the  erosive  work  over  the 
lai^  areas  underlain  by  the  formation.  The 
sand  beds  therefore  cap  hills  where  they  over- 
lie formations  that  consist  of  clays  and  marls. 
One  of  the  principal  reasons  for  the  greater 
resisting  power  of  porous  materials,  such  as 
sand,  is  that  water  sinks  readily  into  the  pores 
between  the  grains  and  the  amount  of  surface 
wash  is  thereby  greatly  lessened.  Water  enters 
marls  and  clays  with  much  greater  diflSculty, 
but  after  having  gained  access  to  the  upper 
layers  it  imprisons  the  air  contained  in  the 


FlonmE  IS.— Payett* . 

duced  under  similar  conditions  to  warrant 
description.  (See  PI.  LI,  A.)  This  topo- 
graphic feoture  owes  its  existence  to  the  fact 
that  the  sands  and  sandstones  of  the  Fayette 
are  more  resistant  than  the  clays  and  marls  of 
the  Jackson  formation,  to  the  north,  and  con- 
sequently the  softer  beds  have  been  reduced 
to  lower  levels,  while  the  sands  and  sandstones 
remain  as  ridges  and  hills,  with  steep  slopes  to 
the  north  and  gentle  dip  slopes  to  the  south. 
The  greater  resistance  of  the  Fayette  sand- 
stone is  not  altogether  due  to  tho  fact  that 
its  beds  are  hard,  because,  even  though  they 
contain  many  hard  layers,  the  sands  and  sand- 
stones as  a  whole  are  friable  except  where  they 
have  been  either  case-hardened  by  the  depo- 
sition of  cementing  material  on  tho  surface  or 


>[  Uie  Elsatclile  Wold 


pores  below  it  and,  by  exerting  pressure  upon 
this  confined  air,  causes  the  separation  of  the 
particles  and  faciUtates  tbeir  removal  by- 
erosion.  It  is  therefore  apparent  that  even 
where  a  formation  is  composed  of  incoherent 
sand  it  may  be  expected  to  resist  erosion  more 
than  days  or  marls. 

The  Kisatchie  Wold  is  less  prominent  east 
of  tho  Kisatchie  Hills  in  western  Louisiana, 
but  in  eastern  Louisiana  the  northern  margin 
of  the  Catahoula  sandstone  forms  a  high  ridge 
above  the  area  to  the  north.  The  superior 
resistance  of  the  sand  beds  causes  more  or  less 
marked  constrictions  in  the  valleys  where  the 
rivers  cross  the  formation.  This  is  especially 
noticeable  in  the  valley  of  Mississippi  River, 
but  the  effect  is  accentuated  because  the 
Mississippi  Valley  just  above  the  outcrop  of 
the  Catahoula  sandstone  is  a  composite  of  the 
valleys  of  the  main  stream  and  some  laige 
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tributaries.  However,  the  presence  of  the 
resistant  sands  and  sandstones  of  this  forma- 
tion no  doubt  helped  to  control  the  points  of 
junction  of  the  main  stream  and  tributaries 
by  deflecting  the  tributaries.  East  of  the 
Mississippi  the  Catahoula  sandstone  is  less 
prominent  topographically  than  in  Louisiana, 
though  it  continues  to  form  a  noticeable  scarp 
facing  toward  the  north. 

Rugged  topography  is  foimd  wherever  the 
sands  and  sandstones  of  the  Catahoula  forma- 
tion are  deeply  eroded,  and  steep  slopes  are 
produced  by  layers  of  indurated  sandstones 
that  cap  hills.  In  many  places  the  surface  has 
been  almost  entirely  reduced  to  slopes  and  the 
divides  form  long,  winding  ridges,  but  steep 
bluffs  may  be  found  on  some  of  the  major 
streams.  (See  PI.  LI,  B.)  The  valleys  of 
the  small 'dtreams  are  distinctly  V-shaped  and 
the  drainage  has  a  dendritic  form. 

Along  the  northern  margin  of  the  Catahoula 
sandstone  the  streams  show  a  tendency  to  fol- 
low the  outcrop  of  the  softer  formations  that 
underlie  the  Catahoula,  but  few  well-defined 
examples  of  consequent  drainage  were  noted, 
other  than  some  of  the  small  streams.  One  of 
the  best  examples  of  consequent  drainage  along 
the  northward-facing  scarp  is  Bayou  Toro,  a 
tributary  of  Sabine  River  in  western  Louisi- 
ana. Bayou  Toro  follows  the  north  edge  of 
the  Kisatchie  Wold  for  several  miles  and  re- 
ceives a  number  of  tributaries  from  the  scarp. 
These  tributaries  belong  to  the  class  known  as 
obsequent  streams  and  are  similar  to  those 
that  have  developed  along  the  landward  mar- 
gin of  the  Catahoula  sandstone  at  many  other 
places. 

STRUCTURE. 

ABSENCE  OF  DEFORMATION  AND  SALINE 

DOMES. 

The  Catahoula  sandstone  has  undergone 
little  deformation  and  presents  no  marked 
structural  features.  From  the  attitude  of  the 
sandstones  gentle  folds  of  small  extent  may  be 
inferred  at  many  places,  but  it  is  not  every- 
where easy  to  distinguish  between  cross- 
bedding  on  an  extensive  scale  and  inclination 
of  beds.  Because  of  the  absence  of  exten- 
sive exposures,  the  confusion  occasioned  by 
the  lenticular  character  of  the  layers,  and  the 
extent  of  cross-bedding,  it  will  require  a  greater 
length  of  time  to  decipher  the  structure  than 


could  be  devoted  to  this  problem  during  the 
writer's  general  reconnaissance. 

The  absence  of  saline  domes  on  the  outcrop 
of  the  Catahoula  is  noteworthy  when  it  is  con- 
sidered that  such  structiu'es  occur  in  Louisiana 
in  the  area  north  of  the  Catahoula  sandstone, 
where  Eocene  beds  are  exposed,  and  also  in 
the  area  to  the  south,  where  the  Pleistocene 
and  younger  Tertiary  formations  overlie  the 
Catahoula.  Where  the  Catahoula  is  at  the 
surface  the  absence  of  domes  is  explained  by 
the  porous  and  resistant  character  of  the  beds. 
It  may  be  argued  that  the  lithologic  character 
of  the  formation  does  not  furnish  a  satisfactory 
explanation  of  their  absence,  because  the 
domes  near  the  coast  pass  through  the  sand- 
stones, but  this  argument  is  believed  to  be 
invalid.  The  formation  was  laid  down  near 
the  strand  line  and  it  becomes  much  thinner 
and  more  argillaceous  toward  the  Gulf;  conse- 
quently it  is  represented  in  the  belt  of  coastal 
domes  by  a  thin  deposit  that  should  be  less 
resistant  to  doming  than  the  sandstones  at 
the  outcrop. 

DIP  OF  THE  CATAHOULA  SANDSTONE. 
GENERAL  DIRECTIOX. 

Local  observations  on  the  dip  of  the  Cata- 
houla sandstone  show  that  there  is  in  many 
places  an  inclination  in  a  general  southerly 
direction.  The  prevalence  of  these  local  dips 
indicates  that  the  formation  is  not  horizontal, 
as  has  been  stated  by  Hilgard.^ 

At  their  lines  of  contact  the  Vicksbuig  and  Grand  Gulf 
rocks  consist  almost  throughout  of  lignite-gypeeous  lami- 
nated clays,  passing  upward  into  more  sandy  materials. 
They  are  not  sensibly  unconformable  In  place;  but  while 
the  Vicksbuig  rocks  show  at  all  long  exposures  a  distinct 
southward  dip  of  some  3°  to  5°,  the  positions  of  the  Grand 
Gulf  strata  can  rarely  be  shown  to  be  otherwise  than  nearly 
or  quite  horizontal  on  the  average;  although  in  many  cases 
faults  or  subsidence  have  caused  them  to  dip,  sometimes 
quite  steeply,  in  almost  any  direction. 

It  is  true  that  in  places  the  sandstone  dips 
in  other  directions,  but  the  preponderance  of 
southerly  dips  is  noticeable  in  any  long  series 
of  exposures  like  that  on  Pearl  River. 

Smith  and  Aldrich  ^  considered  the  Catahoula 
to  be  a  blanket  formation  of  comparatively 

1  Hilgard,  E.  W.,  The  later  Tertiary  of  the  Oulf  of  Mexico:  Am.  Jour. 
Sci.,  3d  ser.,  vol.  22,  p.  58, 1881. 

s  Smith,  £.  A.,  and  Aldrich,  T.  H.,  The  Grand  Oulf  formation:  Science, 
new  ser.,  vol.  16,  No.  142,  pp.  835-837, 1903. 
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recent  geologic  age.  This  assumption  neces- 
sitates dips  of  scarcely  more  than  200  feet  in 
the  distance  between  the  outcrops  of  the  for- 
mation and  the  inner  margin  of  the  Pleisto- 
cene formations  of  the  Gulf  coast.  This  dis- 
tance is  so  great  that  the  dip  of  the  formation 
would  be  negligible,  and  the  hypothesis  of 
recent  geologic  age  is  not  tenable  if  there  is  a 
well-defined  dip  toward  the  coast. 

It  is  evident  from  the  following  detailed 
statements  that  the  formation  as  a  whole  does 
not  dip  in  a  single  direction.  The  prevalent 
direction  of  dip  is  southeast  in  central  Loui- 
siana and  west  of  south  in  east-central 
Mississippi,  the  change  of  direction  occurring 
near  Mississippi  River,  where  there  was  evi- 
dently an  embayment  that  received  the  Cata- 
houla sediments. 

EASTERN  LOUISIANA. 

In  discussing  the  stratigraphy  along  the 
Ouachita  Harris^  gives  the  dip  of  the  Catahoula 
sandstone  in  eastern  Louisiana: 

Three  miles  south  of  Danville^  at  Rock  HiU,  as  has 
already  been  stated,  the  base  of  the  Grand  Gulf  sandstone 
layers  is  203  feet  above  tide.  The  foesiliferous  Vicksbuxg 
beds  in  little  ravines  close  by  are  from  60  to  70  feet  below 
the  sandstone  layers;  the  intervening  space  is  covered. 
Yet  in  the  Harrisbuig  road  perhaps  2  miles  farther  south 
thick  sand  beds  were  observed  beneath  the  indurated 
ledges.  These  we  would  naturally  place  in  the  Grand 
Gulf  stage.  Ten  miles  southeast  of  Rock  Hill,  at  Cata- 
houla Shoals,  borings  made  by  the  United  States  Engineers 
indicate  the  presence  of  hard  Grand  Gulf  layers  to  a  depth 
of  128  feet  above  tide.  In  this  direction,  therefore,  nearly 
due  southeast,  the  dip  is  about  31  feet  per  mile.  If,  how- 
ever, we  take  the  approximate  elevation  of  the  lower  beds 
of  the  Grand  Gulf  just  across  the  river  from  Colfax  as  110 
feet  and  note  the  distances  and  directions  from  each  of 
these  points  and  solve  graphically  for  direction  and  amount 
of  dip,  we  find  the  true  dip  to  be  S.  26°  E.  at  the  rate  of 
34  feet  per  mile. 

The  dip  toward  the  southeast  from  Rook  Hill 
to  Catahotda  Shoals  as  determined  by  Harris 
should  have  been  a  close  approximation,  but 
the  elevation  of  the  **hard  Grand  Gulf  layers^' 
at  Catahoula  Shoals  as  given  by  this  author 
(*'128  feet  above  tide")  is  a  mistake.  The 
boring  at  Catahoida  Shoals  did  not  reach  the 
base  of  the  formation,  though  it  was  probably 
not  far  above  the  base,  and  the  bottom  of  this 
boring  is  reported  by  the  Axmy  Engineers*  to 

1  Harris,  G.  D.,  Tertiary  geology  of  the  Mississippi  embayment: 
Geology  of  Louisiana,  pt.  6,  p.  29, 1902. 
>  Chief  of  Engineers,  U.  S.  Army,  Rept.  for  1902,  pt.  2,  p.  IMO. 


be  186.45  feet  below  sea  level.  If  the  elevation 
of  the  base  of  the  formation  at  Rock  Hill  is 
60  feet  less  than  203  feet,  as  may  perhaps  be 
inferred  from  Harris's  statement,  the  dip 
amounts  to  329.45  feet  in  10  miles,  the  distance 
given  by  Harris,  or  about  33  feet  to  the  mile. 
The  true  dip  may  be  somewhat  greater  or 
smaller,  the  amouht  of  error  depending  on  the 
distance  between  the  bottom  of  the  boring  at 
Catahoula  Shoals  and  the  base  of  the  formation 
and  also  on  the  distance  between  the  assimied 
base  of  the  formation  at  Rock  Hill  and  the  true 
base. 

The  base  of  the  Catahoula  sandstone  on  the 
Louisiana  &  Arkansas  Railway  27  miles  west 
of  north  from  Pineville  is  190  feet  above  sea 
level.  A  well  drilled  at  Pineville,  where  the 
surface  is  120  feet  above  sea  level,  reached  the 
base  of  the  Catahoula  at  a  depth  of  927  feet. 
The  dip  of  the  formation  between  these  two 
places  is  therefore  about  37  feet  to  the  mile 
in  a  direction  slightly  east  of  south. 

By  joining  the  point  where  the  base  of  the 
formation  is  exposed  on  the  Louisiana  & 
Arkansas  Railway  with  Pineville  and  Cata- 
houla Shoals  the  maximum  dip  for  eastern 
Louisiana  is  found  to  be  about  38  feet  to  the 
mile  and  the  direction  S.  24*^  E. 

WESTERN  LOUISIANA. 

In  western  Louisiana  the  Catahoula  sand- 
stone has  a  steeper  dip,  but  the  determination 
is  less  accurate  than  in  eastern  Louisiana. 
The  approximate  position  of  the  base  of  the 
formation  at  Leesville,  as  determined  from  an 
incomplete  set  of  samples  from  a  well,  is  524 
feet  below  sea  level,  and  the  base  of  the 
formation  near  Hornbeck  is  320  feet  above 
sea  level.  The  distance  between  these  places 
is  about  16  miles,  and  the  average  dip  is 
therefore  about  53  feet  to  the  mile  in  a  direc- 
tion east  of  south. 

SOUTHERN   MISSISSIPPI. 

The  base  of  the  formation  on  Pearl  River, 
in  southern  Mississippi,  is  approximately  220 
feet  above  sea  level,  and  in  a  well  at  Monticello 
it  was  reached  at  a  depth  of  slightly  less  than 
800  feet,  or  about  590  feet  below  sea  level. 
The  distance  from  the  outcrop  of  the  basal 
beds  on  Pearl  River  to  Monticello  is  about  40 
miles  and  the  difference  in  elevation  of  the 


THE  CATAHOULA  SANDSTONE. 


base  of  the  formation  13  810  feet.     The  dip 
betweoQ  these  two  places  is  therefor©  about 
20  feet  to  the  mile  in  a  direction  slightly 
.east     of    south.      Another     computation 
based   on   the  elevation   of   the   base   of 
the  formation  on  the  New  Orleans  Great 
Northern   Raiboad    near    Byram  gave  a 
result  differing  more   than   1  foot  to  the 
mile.    South  of  Byram  the  sandstone  beds 
that  occur  near  the  base  of  the  fonna- 
tibn  on  this  railroad  have  an  elevation  of 
265  feet  above   sea   level.     The  base   at 
Monticello  being  590  feet  below  sea  level, 
the     descent     between     the    two    places 
amounts  to  855  feet.     The  distance  be-    ^ 
tween   the   two   points   is   40  miles,   and    % 
this    gives   an    average   dip   of   21|   feet    " 
to   the  mile,   in    substantially    the   same    'i 
direction    as    between    Pearl    River    and    | 
Monticello.  | 

At  Sanford  the  top  of  the  Vicks-  ^ 
burg  was  encountered  in  a  well  at  a  ^ 
depth  of  591  feet,  or  375  feet  below  | 
sea  level.  By  joining  Sanford  with  Mon-  g 
ticello  and  with  the  point  where  the  a 
base  bf  the  formation  is  exposed  on  g; 
Pearl  River,  the  general  dip  in  south-  | 
central  Mississippi  was  computed  at  23  ^ 
feet  to  the  mile  in  a  direction  about  ^ 
18°  west  of  south.  These  figures  are  | 
believed  to  be  substantially  correct,  r 
though  a  small  amount  of  error  in  this  | 
and  similar  computations  is  to  bo  » 
expected  because  of  errors  in  locating  ' 
the  exact  points  where  the  base  of  | 
the  formation  has  been  observed  and  ^ 
also  because  the  maps  used  in  making  "^ 
measurements  for  the  computations  were  ^ 
on  a  small  scale  and  more  or  less  inac- 
curate. 


The  Catahoula  sandstone  is  compara- 
tively thin  in  a  large  portion  of  the  area 
where  it  is  exposed,  but  in  central  Louisi- 
ana it  may  reach  a  maximum  thickness 
of  800  feet.  The  best  data  for  deter- 
mining the  thickness  of  the  formation  are 
afforded  by  samples  of  drillings  obtained 
from  wells.  Of  somewhat  less  value  are 
records  of  materials  penetrated  in  well 
30830°— 17 15 
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borings,  though  where  such  records  are  care- 
fully kept,  with  full  descriptions  of  strata,  the 
approximate  limits  of  the  formation  can  be 
y  recognized  because  it  ia  more 

sandy  than  either  the  under- 
lying or  overlying  beds. 

In  a  well  at  MonticeUo, 
Miss.,  a  blay  bed  300  feet  in 
thickness  overlies  the  Cata- 
houla sandstone.    The  base 
of  this  clay  lies  at  a  depth  of 
380  feet,  and  marine  shells, 
from  their  description  un- 
j     doubtedly  Vicksbui^,  were 
^    encountered   at    about   800 
I    feet.    This  gives  a  thickness 
;;    1     of  420   feet.     Another  way 
^     of  determining  the  thickness 
^     in  this  portion  of  Mississippi 
§■    is  by  multiplying  the  rat©  of 
g     dip  to  the  mile  (20  feet)  by 
"     the  width  of  the  outcrop  in 
miles.      This     computation 
si'   g     gives  a  thickness  of  nearly 
400  feet  for  the  formation. 
Farther  west,  near  Natchez, 
a  well  penetrated  550  feet 
of  sands,  sandstones,   and 
clays  belonging  to  this  for- 
mation. 

From  Pearl    River   east- 
ward  the  Catahoula  sand- 
stone  thins   gradually,  and 
i     %     nearHealingSprings,  Ala.,it 
I     is  probably  less  than  200  feet 
3    thick,  though  not  enough  in- 
1^    formation  is  available  to  de- 
^     termine  the  full  thickness  in 
"     eastern  Mississippi  and  west- 
^     em  Alabama.    Westof  Pearl 
River  the  Catahoula  sand- 
stone thickens,  but  it  is  not 
known  whether  the  increase 
is  at  aimif  orm  rate.     In  east- 
cm  Louisiana  no  satisfactory 
section    giving    the    entire 
tliickness  of  the   formation 
could  be  obtained.     On  the 

^ ,  assumption  that  the  dip  is 

"*'  °*  uniform    in    this    area    the 

thickness  may  be  computed  approximately 
by  multiplying  the  width  of  outcrop  in 
Catahoula  Parish,  which  is  16  miles,  by  the 


averse  dip,  33  feet  to  the  mile.  This  gives 
a  thickness  of  528  feet,  which  is  slightly  less 
than  the  maximum  thickness  shown  by  some 
wells  in  the  central  part  of  the  State. 

The  samples  from  the  Pineville  well,  in  cen- 
tral Louisiana,  show  a  thickness  of  800  feet  of 
the  Catahoula  sandstone,  though  this  may  in- 
clude a  portion  of  the  overlying  Hattiesburg 
clay.  The  character  of  the  samples  indicates 
that  the  Jackson  formation  occupies  at  least 
100  feet  of  this  well  section.  "Hie  Catahoula 
is  nearly  twice  as  thick  at  this  locality  as  at 
MonticeUo.  The  increase  toward  the  west  is 
due  to  the  fact  that  in  that  area  the  Catahoula 
represents  the  time  interval  of  the  Vicksburg 
limestone.  In  other  words,  while  the  lime- 
stones and  marls  composing  the  Vicksburg 
were  being  formed  in  eastern  Louisiana  and 
east  of  Mississippi  River,  a  great  thickness  of 
sandy  detritus  was  being  deposited  in  central 
Louisiana. 

In  western  Loiiisiana  and  eastern  Texas 
there  is  little  direct  information  as  to  the  thick- 
ness of  the  Catahoula  sandstone,  but  it  is  in- 
ferred that  the  formation  thins  in  that  direc- 
tion because  the  samples  examined  from  the 
well  at  Leesville,  together  with  the  log  of  the 
well,  showed  a  thickness  of  only  about  600 
feet  of  the  sandstone. 

ORIGIN. 

All  geologists  who  have  studied  the  Catahoula 
sandstone  hare  agreed  that  it  is  nonmarine, 
their  conclusions  being  based  largely  on  the 
absence  of  remains  of  marine  organisms  and 
the  presence  of  fossils  of  nonmarine  origin,  such 
ns  leaves  and  a  few  scattered  fresh-water  shells 
of  unios  and  anodonts,  together  with  the  char- 
acter of  the  materials  constituting  the  forma- 
tion. The  presence  of  a  lai^e  amount  of  lig- 
nitized  wood  and  numerous  thin  laj-ers  of  lig- 
nite gives  evidence  of  deposition  in  swamps, 
and  the  character  of  the  materials  themselves 
indicates  deposition  near  the  strand  line,  where 
there  are  many  variations  in  the  kinds  and 
arrangement  of  sediment.  (See  PI.  LIII.) 
The  formation  is  on  the  whole  sandy  because 
of  the  influx  of  swift  currents  bearing  coaise 
detritus,  though  the  presence  of  layers  and 
lenses  of  more  or  less  sandy  clay  shows  that 
the  currents  were  at  times  gentle,  and,  on  the 
other  hand,  the  occurrence  of  pebbles  of  mod- 
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erate  size  in  the  sands  indicates  that  at  times 
the  streams  had  a  high  velocity. 

A  peculiar  type  of  bedding  may  be  seen  in 
one  of  the  exposures  in  central  Louisiana,  be- 
tween Chopin  and  Galbraith.  (See  fig.  21.) 
The  upper  bed  consists  of  typical  Catahoula 
sandstone  with  thin  lenses  of  clay;  the  lower 
bed  is  of  clay,  and  between  these  beds  is  a 
third,  consisting  of  lenses  of  sand  inclined 
steeply  and  separated  by  clay.  The  structure 
here  resembles  that  of  a  delta,  with  the  beds 
relatively  thin  and  the  sand  lenses  inclined 
toward  the  southeast  away  from  the  old  shore 
line. 

It  has  generally  been  assumed  that  the  con- 
ditions of  Catahoula  time  were  estuarine  and 
that  the  currents  of  water  were  sluggish.  The 
theory  of  estuarine  origin  for  a  portion  of  the 
formation  is  apparently  confirmed  by  the  char- 
acter of  the  deposits  and  by  the  fact  that  they 
contain  more  or  less  gypsum,  which  was  doubt- 
less deposited  by  evaporating  saline  waters. 
The  hypothesis  sometimes  advanced  that  the 
currents  of  water  entering  the  estuary  were 
sluggish  does  not  appear  tenable,  for  the  forma- 
tion is  made  up  largely  of  coarse  sediments, 
though  marked  fluctuations  are  indicated  by 
the  numerous  alternations  of  clays,  sands,  and 
fine  conglomerates. 

Goldman  *  has  presented  petrographic  evi- 
dence that  the  Catahoula  sandstone  of  Texas 
contains  a  large  percentage  of  well-rounded 
wind-blown  sand.  This  may  be  a  confirmation 
of  the  view  that  the  deposits  were  laid  down 
near  the  strand  line,  where  they  were  moved 
about  by  the  waves  and  in  many  places  blown 
about  on  sand  plains  or  perhaps  in  a  few 
places  built  into  dunes  and  ridges.  The  pres- 
ence of  leaves  and  fragments  of  wood  of  spe- 
cies such  as  grow  in  moist  tropical  climates, 
however,  indicates  that  there  was  an  abundance 
of  moisture  near  the  coast  and  probably  a 
luxuriant  tropical  vegetation.  Such  condi- 
tions do  not  harmonize  with  the  assumption  of 
extensive  wind  erosion  along  the  strand  line, 
and  it  is  therefore  reasonable  to  suppose  that 
the  rounding  of  the  sand  grains  was  mostly 
accomplished  before  the  sands  were  brought  to 
their  present  position,  though  a  small  amount 

1  Goldman,  M.  I.,  Petrographic  evidence  on  the  origin  of  the  Catahoula 
sandstone  of  Texas:  Am.  Jour.  Sci.,  4th  ser.,  vol.  39,  pp.  261-287,  March, 
1915. 


of  wear  may  have  resulted  from  wind  erosion 
along  the  coast. 

The  presence  of  a  large  amount  of  unweath- 
ered  feldspar  suggests  that  the  sands  had  not 
been  subjected  to  lon^continued  weathering 
in  a  moist  cUmate. 

The  great  thickness  of  the  sandstones  in  the 
territory  adjacent  to  Red  River  indicates 
changes  toward  the  headwaters  of  that  stream, 
probably  affecting  all  the  streams  in  the  region 
of  the  Great  Plains.  The  most  probable  ex- 
planation is  that  the  streams  flowing  across  the 
Great  Plains  were  rejuvenated  by  a  regional 
upUf t.  This  would  account  for  the  great  influx 
of  sand  into  the  Tertiary  sea,  and  it  might  be  ac- 
companied  by  an  arid  climate  for  some  distance 
east  of  the  Continental  Divide,  provided  the 
upUf  t  raised  the  mountains  high  enough  to  cut 
off  a  portion  of  the  moisture.  This  would  fur- 
nish favorable  conditions  for  wind  action  and 
for  the  acciunulation  of  the  imweathered  feld- 
spar which  is  so  abimdant  in  the  sand.  Con- 
clusions of  this  character  must  for  the  present 
be  r^arded  as  tentative,  because  the  petro- 
graphic studies  have  been  confined  to  samples 
of  sandstone  from  Texas,  and  these  have  not 
been  compared  with  samples  from  other  locali- 
ties. The  conditions  of  deposition  may  have 
been  somewhat  different  farther  east,  where  the 
sediments  were  derived  either  wholly  or  in  part 
from  more  humid  regions,  and  the  conditions 
may  have  changed  while  the  sands  were  being 
laid  down. 

STRATIGRAPHY. 
DnmCXTLTXES  OF  STRATIORAPHIC  WORK. 

Most  of  the  exposures  of  the  Catahoula  sand- 
stone are  of  slight  value  for  stratigraphic  study 
because  they  have  been  reduced  by  the  pro- 
cesses of  weathering  to  yellow  or  orange-colored 
sands  and  clays  that  resemble  those  found 
nearly  everywhere  on  the  Coastal  Plain.  This 
similarity  in  lithologic  character  is  explained 
by  the  fact  that  the  materials  in  most  of  the 
formations  were  derived  from  the  same  sources 
and  on  weathering  assume  the  same  general 
appearance.  Many  of  the  formations  showing 
this  characteristic  were  deposited  mider  con- 
ditions sufficiently  diverse  to  make  them  dis- 
tinct in  lithologic  appearance,  so  that  they  can 
be  differentiated  where  they  are  imaltered. 
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Stratigraphic  work  is  further  conf iised  by  the 
relations  of  the  diflFerent  beds  resulting  from  the 
conditions  of  sedimentation.  Thus  the  contact 
between  the  sands  and  the  clays  is  nearly 
everywhere  irregular,  giving  the  appearance  of 
unconformity,  but  the  irregularities  are  due 
chiefly  to  the  fact  that  the  materials  were  de- 
posited by  shifting  currents  of  varying  velocity. 
During  periods  of  uninterrupted  deposition  by 
slow  currents  the  sediments  were  mostly  clay 
mixed  with  more  or  less  organic  matter  derived 
in  part  from  floating  vegetation  and  in  part 
from  plants  that  grew  in  swamps  and  marshes. 
In  some  places  chemical  deposits  were  made  in 
lagoons,  but  the  major  part  of  the  material  is 
detrital.  With  the  incursion  of  flood  waters 
conditions  were  altered,  and  the  relatively  even 
surface  of  the  clays  laid  down  by  the  quiet 
waters  was  eroded.  The  stronger  currents  left 
deposits  of  coarser  material,  such  as  sand  and 
more  rarely  pebbles,  and  these  coarse  sediments 
were  subsequently,  when  the  floods  subsided, 
bmied  beneath  clay.  Frequent  changes  in  the 
conditions  of  deposition  produced  many  alter- 
ations in  the  character  of  the  sediments,  with 
irregular  lines  of  contact  and  marked  discord- 
ance of  stratification  between  the  deposits  of 
different  kinds.  In  many  places  fragments  of 
clay  loosened  from  earlier  deposits  were  more 
or  less  roimded  and  then  incorporated  with 
coarser  materials,  forming  clay  conglomerates 
or  breccias.  The  final  result  of  the  varying  con- 
ditions of  sedimentation  was  a  formation  con- 
taining innumerable  instances  of  lack  of  con- 
formability  between  successive  beds.  The  evi- 
dences of  imconformity  may  be  seen  in  many 
sections  and  at  almost  any  stratigraphic  horizon 
from  the  top  to  the  bottom  of  the  formation, 
being  distributed  throughout  the  area  of  out- 
crop. As  the  formation  is  known  from  well 
records  and  samples  of  material  obtained  in 
drilling  to  be  several  hundred  feet  thick,  it  is 
clear  that  the  imconformities  are  of  local  char- 
acter and  have  no  broad  stratigraphic  signifi- 
cance. Failure  to  understand  the  meaning  of 
the  irregidar  contacts  of  materials  in  the  Cata- 
houla formation,  together  with  an  attempt  to 
correlate  outcrops  solely  on  the  basis  of  general 
lithologic  character,  has  led  to  the  inclusion  pf 
weathered  portions  of  the  Catahoula  in  what 
has  been  called  the  Lafayette  formation.  It 
should  not  be  inferred,  however,  that  the  so- 


called  Lafayette  formation  does  not  contain 
other  beds  besides  those  mentioned. 

STRATIOBAPHIC  BSLATIONS. 

UNDERLYING   FORMATIONS. 

VICSBBtmO  UKXSTOirS. 

Hilgard,^  who  was  the  first  geologist  to  map 
the  extensive  ''Grand  Gulf''  deposits,  consid- 
ered the  beds  to  be  essentially  horizontal, 
though  he  reported  high  local  dips  in  different 
directions.  From  the  supposed  discordance  in 
dip  between  the  Vicksburg  limestone  and  the 
''Grand  Gulf"  sandstone  he  concluded  that  the 
two  formations  are  not  conformable. 

The  dip  of  the  Catahoula  sandstone  is  dis- 
cussed in  detail  on  pages  217-219,  where  it  is 
shown  that  in  addition  to  a  general  seaward 
slope  the  formation  has  well-defined  southerly 
dips  converging  toward  Mississippi  River,  thus 
showing  an  inclination  toward  the  center  of  the 
Mississippi  embayment,  which  must  have  been 
at  that  time  the  site  of  rapid  sedimentation. 

The  views  of  Smith  and  Aldrich  '  have  been 
fully  set  forth  in  outlining  their  controversy 
with  Dall.  The  differences  between  these  au- 
thors are  due  to  dissimilar  methods  of  work. 
In  correlating  exposures  Smith  and  Aldrich  re- 
lied largely  on  lithologic  characteristics,  and 
the  similarity  of  materials  led  them  to  believe 
that  a  single  formation  extended  across  the 
edges  of  formations  ranging  in  age  from  Eocene 
to  Miocene  or  Pliocene.  Dall,  relying  on  the 
field  observations  of  Johnson  and  others,  to- 
gether with  the  knowledge  obtained  from  a 
study  of  the  faunas  of  the  Gulf  Coastal  Plain, 
reached  conclusions  similar  to  those  held  by 
Johnson,  who,  as  early  as  1893,  had  succeeded 
in  differentiating  four  "phases''  in  what  had 
formerly  been  called  "Grand  Gulf." 

In  southern  Mississippi  the  Catahoula  sand- 
stone rests  conformably  on  the  Vicksburg  lime- 
stone ;  in  Alabama  it  rests  conformably  on  the 
St.  Stephens  limestone,  the  upper  part  of  which 
is  of  Vicksburg  age.  Sections  that  show  a  con- 
stant relation  between  the  Vicksburg  and  the 
Catahoula  sandstone  have  been  noted  at  many 
places.     A  typical  example  is  furnished  by  the 

»  Hilgard,  E.  W.,  The  later  Tertiary  of  the  Gulf  of  Mexico:  Am  Jour. 
Scl.,  3d  ser.,  vol.  22,  p.  58, 1881. 

>  Smith,  E.  A.,  and  Aldrich,  T.  H.,  The  Grand  Gulf  formation: 
Science,  new  ser.,  vol.  16,  pp.  835-837,  Nov.  21, 1902. 
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exposures  at  Vicksburg,  Miss.,  where  the  follow- 
ing section  was  measured : 

Sectional  Vicksburg^  Miss. 

Catahoula  sandstone  (nonmarine):  ^••*- 

Coarse  friable  gray  sandstone  with  local  lenses 

of  quartzite  and  some  interbeddcd  gray  clay.        20 
Blue  clay,  weathering  drab,  interbedded  and 
interlaminated  with  gray  sand  and  friable 

sandstone  (exposed  at  intervals) 35 

Vicksbuig  limestone  (marine): 

Chocolate-colored  calcareous  clay 18 

Fine  gray  to  drab  sand 6 

Fine  sandy  marl,  very  fossiliferous 40 

East  of  Vioksburg  many  generalized  sections 
were  obtained,  but  details  are  not  available  at 
many  places  because  of  poor  exposures.  The 
marl  bed  that  forms  the  basal  member  of  the 
foregoing  section  is  exposed  on  Pearl  River 
south  of  Byram,  where  it  is  overlain  by  dark- 
colored  calcareous  clays  and  these  in  turn  are 
overlain  by  interbedded  clays  and  sandstones  of 
the  Catahoula  formation.  Similar  conditions 
were  observed  on  Leaf  River  near  Blakney, 
Miss.,  where  the  same  marl  bed  is  overlain  by 
about  40  feet  of  clay,  massive  and  calcareous 
near  the  base  and  interbedded  with  gray  sand- 
stones in  the  upper  portion  of  the  exposures. 
On  Chickasawhay  River  near  the  wagon  bridge, 
3  miles  southwest  of  Waynesboro,  the  marl  bed 
is  overlain  by  calcareous  clays  and  marls,  with 
a  bed  of  oyster  shells.  The  contact  is  not  well 
shown,  but  small  exposures  near  Triggs  Ferry, 
about  1 J  miles  west  of  Waynesboro,  show  that 
the  drab  clays  and  sands  of  the  Catahoula  sand- 
stone rest  on  an  even  surface  of  the  clays  of  the 
Vicksburg  limestone.  Farther  east,  in  Alabama, 
the  relation  of  the  Catahoula  sandstone  to  the 
Vicksburg  deposits  is  the  same  as  in  Mississippi, 
a  bed  of  calcareous  clays  lying  between  the  up- 
per f  ossilif  erous  beds  of  the  Vicksburg  and  the 
interbedded  sands  and  clays  of  the  Catahoula. 
These  relations  are  exhibited  south  of  Manistee, 
near  Manistee  Junction,  and  at  several  other 
places. 

West  of  Mississippi  River,  in  Louisiana,  the 
Catahoula  sandstone  rests  unconformably  on 
the  Vicksburg  limestone,  according  to  Harris 
and  Veatch,*  who  cite  Hilgard  as  authority 
for  the  statement.  In  a  subsequent  report  - 
Harris  gives  in  more  detail  his  views  as  to  the 

1  Harris,  G.  D.,  and  Veatch,  A.  C,  Geology  of  Louisiana,  pt.  5,  p.  95, 
1899. 

s  Harris,  G.  P.,  Geology  of  the  Mississippi  embay  men  t:  Geology  of 
Loaisiana,  pt.  6,  p.  28, 1902. 


relations  of  the  Catahoula  to  subjacent  for- 
mations and  makes  a  definite  statement  of  the 
direction  and  the  amoimt  of  dip.  It  is  clear 
that  he  does  not  agree  with  Hilgard's  statement 
that  the  formation  is  essentially  horizontal. 

The  following  section  shows  the  relation  be- 
tween the  Catahoula  sandstone  and  the  Vioks- 
burg limestone  in  Catahoula  Parish,  the  type 
locality  of  the  Catahoula  sandstone. 

Section  in  wagon  road  near  RosefiM^  Catahoula  Parish ^  La., 

in  sec,  28,  T.  11  N.,  R.  5  E. 

Feet. 

Yellow  Band 15 

Yellow  maxl  containing  Orbitoides  vnarUelli  and  Pec- 
ten  poidsoni  in  calcareous  concretions 2 

YeUow  sand 10 

Yellow  clay 18 

Yellow  sand  and  friable  gray  micaceous  sand  rock 

which  weathers  to  yellow  incoherent  sand 25 

Red  clay 6 

No.  1  of  this  section  is  a  typical  weathering 
product  of  the  Catahoula  sandstone,  and  from 
the  presence  of  Vicksburg  fossils  in  No.  2  it, 
together  with  the  imderlying  material,  would 
be  placed  in  the  Vicksburg.  However,  Nos. 
3  to  6  are  lithologically  similar  to  the  Catahoula 
sandstone,  and  it  is  apparent  that  the  two  for- 
mations are  interbedded  at  this  locality. 
Farther  west  the  Vicksburg  is  entirely  replaced 
by  the  Catahoula  sandstone.  In  addition  to 
being  interbedded  with  the  Vicksburg  the  Cata^- 
houla  sandstone  contains  beds  of  calcareous 
clay  at  many  localities.  The  presence  of  such 
a  clay  bed  is  shown  in  the  following  section: 

Section  of  Catahoula  sandstone  at  Harrisonburg,  La. 

Feet. 

Gray  sand 2 

Yellow  and  orange-colored  sand  containing  a  few 

scattered  pebbles  arranged  in  thin  layers 8 

Yellow  sand  and  gravel 3 

Yellow  sand  grading  downward  into  gray  sandstone 

with  a  thin  laminse  of  clay 2 

Gravel 2 

Interbedded  gray  clay  and  sandstone,  some  layers 

showing  cross-bedding 

Dark-gray  clay  with  greenish  tinge  where  fresh 

Interbedded  gray  sandstone  and  clay 

Dark-gray  clay 

Yellow  sand 

Gray  sandstone 

Massive  green  clay 

Massive  green  sandstone  containing  pebbles;  surface 

weathered  to  light  yellow 

Green  clay 

Massive  gray  sandstone 

Massive  green  clay 


8 
10 
2 
4 
4 
5 
5 

4 
2 

4 
15 
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The  lowest  bed  of  clay  is  distinctly  calcareous  \ 
where  fresh,  the  surface  of  the  layers  and  cracks 
in  the  beds  being  covered  with  numerous 
rosettes  of  calciiim  carbonate.  The  sandstone 
overlying  it  is  also  calcareous,  though  the  per- 
centage of  calcium  carbonate  is  smaller  than 
in  the  clay. 

VATZTTE  SAHDSTOHB. 

Veatch  *  included  in  his  Catahoula  forma- 
tion in  central  and  western  Louisiana  beds  that 
pass  laterally  into  typical  clays  and  thin- 
bedded  sands  and  sandstone  of  the  Jackson 
formation.  This  portion  of  the  formation  is  i 
in  the  present  report  correlated  with  the  Fay-  i 
ette  sandstone  of  Texas.  Harris '  described 
the  relations  of  these  sandstones  to  the  Jack- 
son formation  in  western  Louisiana  as  uncon- 
formable and  regarded  the  poorly  preserved 
i^mnants  of  marine  fossils  in  the  sandstone  as 
survivors  from  the  Jackson  epoch.  Recent 
study  in  western  Louisiana  shows  that  the 
irregular  contact  described  by  Harris  is  like 
those  occurring  at  most  places  where  coarse 
sandstones  have  been  deposited  on  clays,  the 
irregularities  in  the  surface  of  the  clay  being 
such  as  are  comimonly  produced  by  currents 
bearing  coarse  detritus. 

The  Fayette  sandstone  of  western  Louisiana 
has  a  thickness  of  100  to  200  feet.  It  is  more 
quartzitic  than  the  Catahoula  sandstone  (see 
PI.  LIV)  and  is  locally  interbedded  with  clays 
that  are  darker  and  more  calcareous  than  the 
clays  of  the  Catahoula.  The  two  formations 
differ  in  origin.  Both  contain  siUcified  wood 
and  imprints  of  fossil  leaves,  and  in  addition 
the  Fayette  sandstone  contains  many  imprints 
of  marine  fossils.  The  Catahoula  sandstone 
is  apparently  nonmarine,  being  devoid  of  traces 
of  marine  fossils  except  where  it  merges  with 
the  Vicksburg  limestone. 

The  facts  outlined  above  lead  to  the  conclu- 
sion that  the  Catahoula  sandstone  of  Mississippi 
and  Alabama  is  conformable  with  the  imderly- 
ing  Vicksburg  limestone  (represented  in  Ala- 
bama in  the  upper  part  of  the  St.  Stephens 
limestone);  because  if  the  Vicksbui^  had  been 
eroded  before  the  deposition  of  the  Catahoula 
the  uppermost  layers  of  the  Vicksburg  would 

1  Veatch,  A.  C,  Oeology  and  underground  water  resources  of  northern 
Louisiana  and  southern  Arkansas:  U.  8.  Oeol.  Survey  Prof.  Paper  46, 
pp.  42^13, 1906. 

s  Harris,  O.  D.,  Geology  of  the  Mississippi  embayment:  Oeology  of 
Louisiana,  pt.  6,  p.  28, 1902. 


be  missing  in  some  of  the  sections.  In  eastern 
Louisiana  the  Catahoula  sandstone  dovetails 
with  the  Vicksburg^  and  in  western  Louisiana 
it  is  conformable  with  the  Fayette  sandstone. 
These  facts  indicate  that  the  deposition  of  the 
Catahoula  followed  that  of  the  underlying 
marine  formations  without  a  stratigraphic 
break  and  that  it  began  in  Texas  and  western 
Louisiana  and  was  gradually  extended  east- 
ward to  Mississippi.  In  Mississippi  and  Ala- 
bama its  deposition  began  at  the  end  of  the 
Vicksburg  epoch  and  extended  across  the 
entire  area  where  the  Catahoula  is  exposed. 
However,  brackish-water  conditions  persisted 
in  places  for  a  short  time  after  the  deposition  of 
the  upper  marl  bed  of  the  Vicksburg,  as 
shown  by  the  oyster  bed  near  Waynesboro, 
Miss. 

OVERLTING   FORMATIONS. 
HATTZESBXma  CI.A7. 

The  Catahoula  sandstone  is  overlain  con- 
formably by  the  Hattiesburg  clay,  of  Oligo- 
cene  age.  This  formation  ranges  in  thickness 
from  300  to  350  feet  in  Alabama  and  Louisiana 
and  to  a  maximum  of  450  feet  in  central  and 
western  Mississippi.  It  consists  of  massive 
blue  and  gray  clays  with  subordinate  amounts 
of  sands  and  sandstones.  Locally  the  clay 
beds  are  consolidated  into  hard  ledges,  though 
this  rock  is  not  restricted  to  any  one  forma- 
tion, being  found  in  all  the  Oligocene  and 
Miocene  deposits  of  the  Gulf  embayment.  In 
some  places  the  clays  contain  fragments  of 
lignitized  wood  and  imprints  of  fossil  plants. 
A  deposit  of  this  character  a  few  miles  east  of 
Hattiesburg,  Miss.,  near  McCalliun,  furnished 
some  identifiable  remains  of  fossil  plants.  At 
Hattiesburg,  the  type  locality,  the  days  are 
exposed  in  the  banks  of  Bowie  Creek  and  Leaf 
River  and  in  the  lower  portions  of  the  hills 
that  border  these  streams. 

The  name  Hattiesburg  was  first  used  by 
Johnson,  whose  definition  is  given  on  page  211. 
The  type  locaUty  of  the  Hattiesburg  clay  is  the 
same  as  the  type  locality  of  Johnson's  Hat- 
tiesburg phase  or  formation,'  but  a  brief 
statement  of  the  significance  of  the  new  term 
Hattiesburg  clay  is  given  here  because  it  is 
used  to  include  the  portion  of  Johnson's  Fort 
Adams  or  EllisviUe  phase  that  extends  from 

s  Johnson,  L.  C,  The  Miocene  group  of  Alabama:  Science,  vol.  21, 
pp.  90-91, 1893. 
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the  mouth  of  Okatoma  Creek  eastward  past 
the  falls  on  Leaf  River  near  Eastabutchie  to 
Chickasawhay  River  between  Winchester  and 
Waynesboro. 

The  Hattiesburg  clay  is  readily  recognizable 
from  central  Alabama,  where  it  merges  into 
the  more  sandy  f ossiliferous  beds  of  the  Alum 
Bluff  formation,  westward  to  eastern  Texas. 
In  western  Louisiana  and  eastern  Texas  it  is 
the  lower  portion  of  what  Veatch  *  mapped  as 
Fleming  clay.  The  relation  of  the  overlying 
Miocene  to  the  Hattiesbui^  clay  is  uncon- 
formable, and  this  permits  the  separation  of 
what  has  been  called  the  Fleming  clay  in 
Louisiana  and  along  the  eastern  border  of 
Texas  into  two  parts.  The  lower  part,  which, 
from  its  stratigraphic  relations  is  included  in 
the  Hattiesburg  clay,  is  more  sandy  and  much 
less  calcareous  than  the  overlying  Miocene 
clays. 

FASCAOOT7LA  CLAT. 

A  series  of  blue,  green,  and  gray  clays,  locally 
Calcareous,  with  interbedded  sands  and  more 
rarely  sandstones,  lying  imconformably  above 
the  Hattiesburg  clay,  has  been  called  the 
Pascagoula  day.  This  formation  is  locally 
fossihferous  and  has  furnished  remains  of 
marine  or  brackish-water  invertebrates  at 
Shell  Bluff  and  Givhens  Landing,  on  Chicka- 
sawhay River,  Miss.,  and  in  numerous  wells  in 
the  southern  part  of  the  State.  A  somewhat 
different  faima  has  been  obtained  from  the 
formation  at  Pine  Prairie  and  southwest  of 
Alexandria,  La.,  and  at  BurkeviUe,  Tex.  The 
formation  ranges  in  thickness  from  about  250 
feet  in  Alabama  to  450  feet  near  Mississippi 
River  in  Louisiana  and  along  the  Gulf  coast  in 
Mississippi.  In  western  Louisiana  and  eastern 
Texas  the  thickness  has  not  been  accurately 
determined  but  it  is  thought  to  be  about  250 
or  300  feet.  Local  variations  in  thickness  are 
to  be  expected,  because  the  Pascagoula  clay  is 
overlain  unconformably  by  sands  and  clays  of 
Pliocene  age  and  rests  unconformably  on  the 
Hattiesburg  clay. 

The  Pascagoula  clay  differs  from  Johnson's 
Pascagoiila  phase  or  formation'  by  including 
the  portion  of  his  Fort  Adams  or  EUisville 
phase  extending  from  Tunica,  La.,  to  Columbia, 
Miss.    The  type  locality  is,  however,  the  same, 


and  the  difference  is  largely  due  to  a  more 
thorough  imderstanding  of  the  distribution  of 
the  formation.  West  of  Mississippi  River  the 
Pascagoula  clay  extends  across  southern  Loui- 
siana and  eastern  Texas  and  includes  the  upper 
portion  of  what  Veatch*  called  the  Fleming 
clay. 

CirROHKIXE  FO&MATZOV. 

The  Pascagoula  and  Hattiesburg  clays  and 
the  Catahoula  sandstone  are  in  places  over- 
lain by  sands,  gravels,  and  clays  that  from  their 
fossil  flora  (identified  by  E.  W.  Berry)  are 
known  to  be  of  Pliocene  age.  These  deposits, 
which  heretofore  have  been  called  Lafayette 
formation,  Orange  sand,  etc.,  have  recently 
been  named  the  Citronelle  formation,*  from  the 
town  of  Citronelle,  in  northern  Mobile  County, 
Ala.  The  formation  consists  of  yellow  and 
red  clays  and  sands,  with  lenses  aind  layers  of 
gravel  in  which  the  pebbles  range  from  a 
fraction  of  an  inch  to  several  inches  in  diameter. 
Subangular  chert  is  the  most  abundant  con- 
stituent of  the  gravel,  though  it  contains 
everywhere  a  varying  percentage  of  rounded 
quartz  pebbles. 

The  Citronelle  formation,  which  is  largely 
nonmarine,  varies  greatly  in  thickness,  ranging 
from  a  minimum  of  30  feet  where  it  overlies 
the  Catahoula  to  over  150  feet  where  it  rests 
on  the  outcropping  edge  of  the  Pascagoula  and 
to  a  maximimi  of  400  feet  nearer  the  coast, 
where  it  imderlies  the  Pleistocene  deposits. 
The  relation  of  the  Citronelle  to  both  the 
overlying  and  imderlying  formations  is  im- 
conformable,  a  fact  which  accounts  for  some 
of  the  variations  in  thickness.  Other  varia- 
tions are  explained  by  the  character  of  the 
surface  of  the  formation,  which  is  composed  of 
a  series  of  plains  diminishing  in  elevation 
toward  the  coast  and  toward  the  axes  of  the 
principal  valleys  that  cross  the  formation. 

CORRELATIONS. 

The  Oligocene  series  of  western  Florida  in- 
cludes in  descending  order  the  Alum  Bluff 
formation,  the  Chattahoochee  formation,  and 
the  Marianna  limestone.  The  Marianna  is  of 
Vicksburg  age.  The  marine  Chattahoochee 
formation  passes  westward  in  Alabama  by 
gradation     through    fossihferous    marls   into 


1  Veatch,  A.  C,  Geology  and  underground  water  resources  of  northern         >  Veatch,  A.  C,  Geology  and  underground  water  resources  of  northern 
Louisiana  and  southern  Arkansas:  U.  S.  Geol.  Survey  Prof.  Papw  46,     Louisiana  and  southern  Arkansas:  U.  S.  Geol.  Survey  Prof.  Paper  46, 


pp.43~«4,1906. 

s  Johnson,  L.  C,  The  Miocene  group  of  Alabama:  Science,  vol.  21, 
pp.  90-91, 1893. 


pp.  4^-14, 1906. 

« Matson,  O.  C,  U.  S.  Geol.  Survey  Prof.  Paper  98,  pp.  167-192, 1916 
(Prof.  Paper  98-L). 
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the  nonmarine  sandstones  and  clays  of  the 
Catahoula  sandstone.  The  equivalence  of  the 
Chattahoochee  formation  and  that  portion  of 
the  Catahoula  sandstone  lying  east  of  Missis- 
sippi River  is  further  shown  by  the  relations  of 
these  formations  to  those  above  and  below 
them.  The  Chattahoochee  formation  of 
Florida  conformably  overlies  the  Marianna 
limestone,  the  Florida  representative  of  the 
Vicksburg  limestone/  and  the  Catahoula  sand- 
stone of  Alabama  and  Mississippi  rests  con- 
formably on  the  Vicksburg  limestone. 

The  Chattahoochee  formation  is  overlain 
conformably  by  the  Alum  Bluff  formation,  and 
the  Catahoida  sandstone  is  overlain  conforma- 
bly by  the  Hattiesburg  clay.  The  equivalence 
of  the  Alum  Bluff  formation  and  th«  Hatties- 
burg clay  has  been  established  by  tracing  their 
physical  continuity  and  by  fossil  plants  identi- 
fied by  E.  W.  Berry .^ 

The  correlation  of  the  Catahoula  sandstone 
west  of  Mississippi  River  has  already  been  ex- 
plained, but  it  may  be  summarized  by  stat-- 
ing  that  in  this  area  the  Catahoula  includes 
sandstones  and  clays  equivalent  not  only  to 
the  Chattahoochee  formation,  but  also  to  the 
Vicksburg  limestone,  rests  conformably  on 
the  Jackson  formation  and  the  Fayette  sand- 
stone, and'  is  conformably  overlain  by  the 
Hattiesbu]^  clay. 

The  table  opposite  page  iv  shows  the  cor- 
relation of  the  Tertiary  formations  in  the 
Gulf  States. 

CONCLUSIONS. 

The  Catahoula  sandstone  consists  of  al- 
ternating sandstones  and  sands,  with  lenticular 
beds  of  clay,  the  arenaoeous  sediments  pre- 
dominating. Conglomerates  are  rare,  though 
small  quartz  and  chert  pebbles  occur  in  some 
of  the  layers  of  sand,  and  pebbles  of  clay  aie 
f oimd  at  many  localities  and  at  different  strati- 
graphic  horizons.  The  formation  is  non- 
marine  but  was  deposited  near  the  strand  line, 
where  small  bodies  of  brackish  water  were 
isolated  and,  on  evaporation,  formed  pre- 
cipitates of  salt  and  gypsum.  The  streams  that 
transported  the  materials  now  constituting 
the  formation  had  varying  velocities  and  made 

1  Cooko,  C.  W.,  unpublished  notes. 

3  Index  to  the  stratigraphy  of  North  America:  U.  S.  Oeol.  Survey 
Prof.  Paper  71,  p.  744, 1912. 


deposits  ranging  in  texture  from  clay  to  fine- 
grained conglomerates.  The  floods  that  trans- 
ported the  coarse  materials  eroded  the  surfaces 
of  existing  clay  deposits,  thus  forming  irregular 
contacts  and  incorporating  more  or  less  rounded 
fragments  of  the  clay  in  the  sands.  The  fossils, 
which  are' rare,  are  mostly  leaves,  but  molluscan 
remains  occur  at  a  few  places.  One  of  these 
localities  is  at  Chalk  Hills,  near  Rosefield,  La., 
where  shells  of  unios  (?)  are  found  in  a  sand- 
stone, and  another  is  in  a  cut  on  the  Texas 
&  Pacific  Railway,  1  mile  east  of  Lena,  where 
fragments  of  oyster  shells  occur  in  a  lens  of 
limestone. 

Weathering  of  the  formation  produces  red, 
yellow,  and  mottled  sands  and  clays  that  have 
commonly  been  classed  as  Orange  sand  and 
placed  in  a  separate  formation  called  the 
Lafayette.  This  classification  has  resulted 
from  the  existence  of  numerous  local  imcon- 
formities  and  the  general  resemblance  of  these 
weathered  sands  and  clays  to  similar  materials 
occurring  in  other  portions  of  the  Coastal  Plain. 

The  sections  in  the  vicinity  of  Harrisonburg 
and  Rosefield,  La.,  show  that  the  sandstones 
and  clays  of  the  Catahoula  are  interbedded 
with  the  lower  Oligooene  limestones  and  marls 
(Vicksburg  limestone).  Farther  west  in  Loui- 
siana they  replace  all  the  marine  lower  Oli- 
gooene beds.  Similar  sandstones  (Fayette 
sandstone)  containing  marine  fossils  are  the 
equivalents  of  some  of  the  calcareous  and  f os- 
siliferous  beds  of  the  Jackson  formation  in 
western  Louisiana  and  represent  nearly  all 
of  the  Jaokson  in  central  Texas.  These  facts 
accotmt  in  part  for  the  increased  thickness  of 
the  formation  in  central  Louisiana,  amounting 
to  several  hundred  feet,  and  explain  the  form 
of  the  outcrop  of  the  formation  in  the  Missis- 
sippi embayment  and  the  Red  River  valley. 

The  beUef  that  the  Catahoula  sandstone  is 
essentially  horizontal,  which,  if  correct,  would 
be  a  fatal  objection  to  the  merging  of  the 
Catahoula  and  older  formations,  is  shown  to 
be  an  error.  Information  that  was  not  avail- 
able at  the  time  of  the  early  examinations 
shows  clearly  that  the  dips  of  the  Catahoula 
range  from  slightly  more  than  21  feet  to  the 
mile  in  east-central  Mississippi  to  about  38 
feet  in  central  Louisiana  and  are  probably  even 
greater  than  50  feet  near  the  Louisiana-Texas 
boundary. 


THE  FLORA  OF  THE  CATAHOULA  SANDSTONE. 


By  Edwabd  Wilber  Berry. 


INTRODUCTION. 

During  the  progress  of  my  studies  of  the 
fossil  floras  of  the  Gulf  Coastal  Plain,  embracing 
all  horizons  from  the  Lower  Cretaceous  to  the 
Pleistocene  and  prosecuted  under  the  general 
direction  of  T.  Wayland  Vaughan,  material 
representing  the  floras  of  all  the  major  strati- 
graphic  units  in  the  area  extending  from  west- 
em  Florida  to  central  Texas  has  been  discov- 
ered. Field  work  and  office  studies  of  all  these 
floras  have  proceeded  more  or  less  simultane- 
ously, and  a  large  amount  of  manuscript  in 
various  stages  of  completion  has  been  accumu- 
lated. The  floras  of  the  Upper  Cretaceous  and 
Eocene  of  South  Carolina  and  Georgia  have 
been  described  ^  and  a  report  on  the  very  large 
lower  Eocene  floras  is  now  in  press.' 

Because  of  their  exceptional  stratigraphic 
importance  in  solving  some  of  the  problems 
connected  with  the  so-called  '^  Grand  Gulf  com- 
plex" I  was  asked  to  submit  a  report  on  the 
fossil  plants  discovered  within  the  limits  of  the 
Catahoula  sandstone.  This  report  was  sub- 
mitted in  March,  1913.  Since  it  was  written  a 
number  of  additional  collections  have  been 
made  from  scattered  localities,  notably  in  east- 
em  Texas,  where  through  the  cooperation  of 
Mr.  C.  L.  Baker,  working  under  the  supervision 
of  Mr.  E.  T.  Dumble,  several  important  collec- 
tions were  obtained.  It  is  my  plan  to  discuss 
these  several  Coastal  Plain  floras  exhaustively, 
as  in  the  reports  cited  above,  and  for  this  reason 
it  has  been  deemed  inadvisable  to  endeavor  to 
bring  the  description  of  the  Catahoula  flora  en- 
tirely up  to  date  at  this  time.     In  the  following 

1  Beny,  E.  W.,  The  Upper  Cretaceous  and  Eocene  floras  of  South  Caro- 
lina and  Georgia:  V.  S.  Geol.  Survey  Prof.  Paper  84, 1914. 
*  Berry,  £.  W.,  The  lower  Eocene  floras  of  southeastern  North  Am«r- 
u  U.  8.  Oeol.  Survey  Prof.  Paper  91  (in  press). 


pages  only  the  more  important  discoveries  that 
have  been  made  since  March,  1913,  have  been 
included.  The  plants  from  the  Catahoula 
sandstone  that  still  await  description  and  illus- 
tration are  largely  represented  by  petrified 
wood,  and  until  these  remains  are  studied  it 
will  be  impossible  to  determine  whether  any  of 
the  fossil  plants  obtained  in  western  Louisiana 
and  eastern  Texas  are  of  late  Eocene  (Jackson) 
age,  although  this  seems  to  be  very  probable. 

The  uppermost  Eocene,  Oligocene,  and  low- 
est Miocene  deposits  of  Europe  have  furnished 
very  extensive  fossil  floras,  several  of  which, 
such  as  those  of  the  gypsiferous  shales  of  Aix 
and  other  localities  in  southeastern  France,'  of 
the  lignites  of  Haering,  in  Tyrol,*  of  Monte 
Promina,  in  Dalmatia,^  and  of  the  Styrian 
lignites,*  are  classic. 

In  striking  contrast  to  the  abundant  floras 
in  Europe,  very  few  plants  of  these  ages  have 
been  found  in  North  America,  and  practically 
nothing  is  known  of  the  Oligocene  floras  of  this 
continent.  For  this  reason,  as  weU  as  for  the 
light  it  has  shed  on  certain  stratigraphic  prob- 
lems, the  small  flora  in  the  Oligocene  of  the  em- 
bayment  area,  from  Texas  eastward  to  western 
Mississippi,  is  of  unusual  interest,  although  it  is 
in  general  poorly  preserved  and  fragmentary. 

The  collection  on  which  the  present  paper  is 
based  comes  from  ten  localities.  Six  of  these 
localities — 5  miles  north  of  Jasper  in  Jasper 
County,  Tex.;  in  Rapides  and  Grant  parishes, 
La.;  Washington,  Adams  County,  Miss.;  5 
miles  north  of  Waynesboro,  Wayne  County, 

s  Saporta,  Qaston  de,  Etudes  sur  la  v^g^tation  du  sud-est  de  la  France 
k  I'^poque  tertiaire:  Annales  sci.  nat.,  Botanique,  1862  to  1889. 

*  Ettingshausen,  Gonstantin,  Die  terti&re  Flora  von  Hiring  in  Tirol; 
K.  k.  geol.  RelChsanstalt  Wien  Abh.,  Bd.  2,  Abt.  3, 118  pp., 31  pis.,  1853. 

6  Mainly  elaborated  by  Ettingshausen,  K.  Akad.  Wiss.  Wien  Denk- 
schr.,  vol.  8, 1855. 

•  Set  forth  in  a  large  number  of  papers  by  Ettingshausen  and  Unger. 
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Miss.;  and  on  Bayou  Pierre,  Miss.,  near  the 
Qaibome-Copiah  county  line — ^have  furnished 
only  the  petrified  remains  of  the  wood  of  the 
very  abundant  tropical  palms  which  clothed  the 
shores  of  the  Oligocene  sea.  The  remains  of 
identifiable  leaves  have  been  found  at  only  four 
locaUties.  Two  small  collections  were  made  at 
the  so-called  Chalk  Hills,  2  mUes  south  of  Rose- 
field,  La.,  one  by  G.  D.  Harris  *  and  the  other  by 
me;  a  small  collection  was  made  by  me  near 
King,  6  miles  south  of  Florence,  Rankin  County, 
Miss.;  and  a  fourth  collection  came  from  Trin- 
ity Coimty,  Tex. 

The  species  listed  on  page  230,  24  in  nimiber, 
have  been  identified  from  these  10  locaUties. 
These  species  include  one  fimgus,  two  ferns, 
eight  palms,  a  fig,  an  indubitable  member  of 
the  family  Proteace®  (Ehnbothrites) ,  a  species 
of  pond  apple  or  Anona,  a  species  of  rain  tree 
(Pithecolobium),  of  the  family  Mimosace»; 
abundant  remains  of  four  varieties  of  satin- 
wood  (Fagara),  of  the  family  RutacesB ;  a  species 
of  Judas  thorn  (Paliurus),  of  the  family  Rham- 
naceae;  another  of  coast  myrtle  or  Myrcia,  of 
the  family  Myrtaceae;  and  two  species  of  the 
family  Sapotace»  related  to  the  genus  Bumelia 
or  iron  wood.  The  collections  include  also  frag- 
mentary remains  of  other  species  that  are  too 
poor  for  satisfactory  identification. 

The  most  abundant  and  widely  distributed 
elements  in  this  Oligocene  flora  are  the  petrified 
remains  of  palm  wood  which  are  referred  to  the 
genus  Palmoxylon  and  many  of  which  are 
in  an  excellent  state  of  preservation.  Seven 
species  are  based  on  remains  of  this  sort,  and 
all  seven  of  these  species  have  been  previously 
described  by  Felix,  Stenzel,  or  Knowlton.  A 
short  paper  by  Elnowlton'  on  two  species  of 
palm  wood  from  Rapides  Parish,  La.,  is  the 
only  previous  contribution  to  the  paleobotany 
of  the  Oligocene  of  this  general  region.  All 
the  other  species  are  new  to  science. 

Although  this  flora  is  too  small  to  be  repre- 
sentative, and  the  majority  of  the  forms 
described  have  been  foimd  only  in  this  region, 
nevertheless  it  furnishes  decisive  information 
on  the  physical  conditions  ^long  the  border  of 
the  Oligocene  sea  and  also  abimdant  data  for 

i  I  am  indebted  to  Mr.  Arthur  Hollick  and  the  authorities  of  the  New 
York  Botanical  Garden  for  the  priTilege  of  studying  this  collection. 

s  Knowlton,  F.  H.,  Description  of  two  species  of  Palmoxylon— one 
jww—trom  Louisiana:  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  pp.  8&-91,  pi.  30, 
1888. 


determining  the  approximate  age  of  the  depos- 
its. As  the  climiatic  conditions  which  may 
Intimately  be  deduced  from  this  assemblage 
form  one  of  the  factors  used  in  correlation,  this 
phase  of  the  problem  may  be  considered  first. 

My  studies  during  the  last  few  years  have 
residted  in  the  discovery  of  extensive  Tertiary 
floras  throughout  southeastern  North  America, 
and  although  the  descriptions  of  these  floras 
have  not  yet  been  published^  they  have  been 
rather  fidly  worked  out  in  manuscript.  An 
enimieration  at  the  present  time  shows  a  flora 
of  10  species  in  the  Midway  (?),  335  species  in 
the  Wilcox,  about  75  species  in  the  Claiborne, 
about  75  species  in  the  Jackson  (all  Eocene), 
and  15  species  in  the  Apalachicola  (Oligocene). 
Fairly  definite  evidence  regarding  the  climatic 
conditions  of  the  border  land  is  furnished  by 
these  floras,  and  this  evidence  is  capable  of 
being  checked  by  the  abimdant  marine  faunas, 
so  that  what  is  said  in  the  following  paragraphs 
on  the  climate  of  Oligocene  time  is  based  not 
only  on  extensive  comparisons  between  the 
Oligocene  and  the  existing  floras,  but  also  on  a 
knowledge  of  the  floras  of  the  epochs  that  im- 
mediately preceded  and  followed  the  Oligocene. 

To  turn  now  to  the  different  units  in  this 
flora  it  may  be  noted  that  the  fern  genus 
Acrostichum  is  exclusively  tropical  in  the 
existing  flora,  its  most  abundant  species  being 
the  widespread  Acrostichum  aureunty  a  very 
gregarious  inhabitant  of  coastal  swamps,  where 
it  associates  with  mangroves  and  nipa  palms. 
The  existing  species  of  the  fern  genus  Lygo- 
dium,  ¥rith  but  one  exception,  are  inhabitants 
of  coastal  tropical  thickets.  The  very  great 
abimdance  and  diversity  of  palms  in  the  OU- 
gocene  flora  also  indicates  tropical  conditions, 
for  although  the  study  of  palm  woods  has  not 
reached  a  point  where  generic  relationships 
can  be  positively  aflirmed,  Stenzel,  our  foremost 
authority  on  palm  anatomy,  considers  all  these 
Oligocene  species  as  most  closely  related  to 
either  Corypha  or  Cocos,  and  in  addition  several 
are  present  among  the  silicified  woods  of  the 
island  of  Antigua,  where  tropical  conditions 
must  have  prevailed  throughout  the  OUgocene 
epoch.  Ficus  is  not  exclusively  a  tropical  type, 
but  of  the  600  existing  species  a  great  majority 
are  confined  to  the  equatorial  r^on  and  only 
a  very  few  penetrate  into  the  warmer  parts  of 
the  Temperate  Zone.    The  genus  Embothrites 
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is  named  from  its  resemblance  to  the  existing 
genua  Embothrium  Forster  and  may  or  may 
not  be  strictly  comparable  with  that  genus. 
Embothrium  has  several  species  in  the  moim- 
tains  of  tropical  Australia  and  in  the  Andean 
region  of  South  America,  from  Peru  south- 
ward into  the  Temperate  2k)ne.  It  seems 
probable  that  the  Tertiary  genus  is  really  a  dis- 
tinct member  of  the  family  Proteacese,  which 
in  the  existing  flora  is  largely  tropical  in  its 
distribution.  The  genus  Anona  has  about  50 
existing  species  and  occurs  in  all  tropical 
countries.  The  greatest  distance  from  the 
Equator  that  it  reaches  is  shown  by  the  species 
found  on  the  Florida  keys.  The  genus  Pithe- 
colobium  of  the  family  Mimosacese,  has  over 
100  existing  species,  all  of  which  are  confined 
to  the  Torrid  Zone. 

The  genus  Fagara,  which  is  so  abundant  at 
the  Chalk  Hills  locaUty  in  Louisiana,  has  over 
150  existing  species,  which  are  cosmopolitan 
in  tropical  and  subtropical  countries.  The  eoo- 
logic  conditions  at  the  locality  where  the  Fagara 
leaves  are  so  abundant  are  closely  comparable 
with  those  prevailing  at  the  present  time  in  the 
lagoons  behind  the  keys  of  southern  penin- 
sular Florida,  where  very  similar  species  of 
Fagara  are  among  the  oommonest  of  ooastal 
plants.  The  sediments  are,  however,  very 
different.  At  the  Chalk  Hills  there  are  alter- 
nate layers  of  coarse  sands  and  finely  divided 
chert,  but  behind  the  Florida  keys  the  deposits 
are  calcium  carbonate.  The  genus  Paliurus, 
of  which  a  small-leafed  species  is  represented 
in  the  present  ooUeotion,  is  almost  entirely 
extinct  at  the  present  time,  over  90  per  cent 
of  its  known  species  being  of  Tertiary  age. 
The  two  existing  species  are  of  warm  temperate 
Eurasiatic  habitats,  but  this  fact  lacks  signifi- 
cance in  the  present  connection,  for  the  fossil 
forms  are  almost  invariably  associated  with 
floras  which  must  be  regarded  as  at  least  sub- 
tropical. The  genus  Myrcia,  represented  by  a 
single  species  in  this  Oligocene  flora,  includes 
over  400  existing  species  confined  exclusively 
to  the  American  Tropics  and  embracing  many 
closely  comparable  coastal  forms.  The  genus 
Bumelia,  to  which  the  two  forms  of  Oligocene 
SapotaoesB  are  related,  is  confined  to  America 
in  the  existing  flora,  embracing  about  a  score 
of  species  distributed  from  northern  Brazil 
through  Central  America  and  the  West  Indies 
to  the  southern  United  States.    Among  these 


the  form  most  similar  to  the  fossil  species  is 
Bumelia  liorrida  Grisebach,  of  the  West  Indies. 

It  will  be  seen  from  the  foregoing  enumera- 
tion that  this  fossil  flora  is  strictly  tropical  in 
its  facies — ^in  fact,  it  must  be  regarded  as  the 
most  tropical  flora  known  from  the  Tertiary 
formations  of  the  Southern  States.  This  con- 
clusion is  borne  out  by  a  study  of  the  associated 
marine  f  aimas,  which  are  regarded  by  Vaughan* 
as  indicating  a  bottom  temperature  between 
70°  and  80°  F. 

The  flora  contains  no  upland  or  inland  types 
and  may  be  regarded  as  a  strictly  ooastal  flora 
made  up  of  groups  comparable  with  those 
found  along  the  strand  in  the  present-day 
Tropics. 

As  bearing  on  the  age  of  the  deposits  in 
which  the  flora  here  discussed  has  been  foimd, 
it  may  be  noted  that  this  flora  is  of  too  tropical 
a  character,  even  after  allowances  are  made  for 
my  perhaps  undue  emphasis  on  its  tropical 
aspect,  to  have  been  capable  of  existing  during 
any  post-Chipola  epoch  in  oiu:  Southern  States. 
This  fact  alone  effectually  disposes  of  the  pos- 
sibilities that  the  part  of  the  so-called  ''Grand 
Gulf  formation''  immediately  overlying  the 
Vicksburg  is  of  PUooene  or  more  recent  age,  as 
has  been  asserted  by  some  students.  More- 
over, these  deposits  are  interbedded  with  the 
Vicksburg  limestone  in  Louisiana  and  imme- 
diately overUe  it  in  central  Mississippi,  much  of 
the  petrified  palm  wood  being  found  in  depres- 
sions in  the  Vicksburg  surfaoe.  At  least  one 
and  probably  two  of  the  species  of  palm  wood 
are  common  to  the  Oligocene  of  the  island  of 
Antigua.  Another  occurs  in  the  Jackson  of 
Louisiana,  and  a  fourth  in  the  Vicksburg  of 
Alabama.  Similarly  the  palm  leaves  referred 
to  Sabalites  vicksburgensis  occur  in  the  Jackson 
of  Texas. 

Finally  the  facies  of  the  flora  as  a  whole  is 
that  of  the  abundant  floras  f otmd  in  the  early 
Oligocene  of  southern  Europe,  notably  in  Prov- 
ence, France,  in  Tyrol,  and  in  Dalmatia  and 
Styria.  Not  only  does  it  exhibit  this  paral- 
lelism with  these  European  early  Oligocene 
floras,  but  when  the  genera  are  considered  sepa- 
rately it  appears  that  almost  without  exception 
they  have  not  been  found  in  what  are  now 
temperate  latitudes  in  any  beds  younger  than 
Oligocene. 

1  Vaughan,  T.  W.,  A  contribution  to  the  geologic  history  of  the  Flo- 
ridian  Plateau:  Carnegie  Inst.  Washington  Pub.  133,  p.  152, 1910. 
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An  exhaustive  statement  regarding  the 
stratigraphic  relations  to  one  another  of  the 
several  outcrops  of  the  Catahoula  at  which 
fossil  plants  have  been  discovered  is  postponed 


until  the  final  report  has  been  completed. 
Appended  is  a  list  of  the  species  described  in 
the  following  pages,  with  their  stratigraphic 
position  as  determined  by  Mr.  Matson. 


Fossil  plants  from  the  Catahoula  sandstone. 


Name. 


Peetalozzites  minor 

Lygodium  missisBippiensis. 

Acroetichum  wmithi 

CupreBBites  sudworthi 

Sabalites  vicksbuigensiB. . . 
Palmoxylon  microxylon... 
Palmoxylon  celluloeum 


Palmoxylon  texenae. 


Palmoxylon  lacunosum. 
Palmoxylon  remotum.. 


Palmoxylon  missiBsippiensiB 

Palmoxylon  ovatum 

FicuBBD.  (JEruits) 

Embotnrites  ungeri 

Anona  texana 

Pithecolobium  oUgocsenum 

Fagara  catahoulensiB  orbiculata. 
Fagara  cataboulensis  coriacea. . . 

Fagara  catahoulenaiB  major 

Fagara  catahoulensiB  elongata.. . 

Paliums  catahoulensis 

M3rrcia  catahoulensiB 

Bumelia  \dcksbu];]genfiiB 

OarpolithuB  bumeuaformiB 


Locality. 


Chalk  Hillfl,  La 

King,  Miss 

do 

Chalk  HillB,  La 

....do 

Rapides  Parish,  La 

Rapides  Parish,  La.;  Bayou 

Pierre,  Miss. 
5  miles  north  of  Jasper,  Tex . . 
fFish  Creek,  north  of  Pollock, 

La. 

ll  mile  east  of  Galbraith,  La. . 
5  miles  north  of  Waynesboro, 

Miss. 

Washington,  Miss 

do 

Chalk  Hills,  La 

....do 

Trinity  County,  Tex 

Chalk  ffills,  La 

....do 


.do. 
.do. 
.do. 
do. 
do. 
do. 
do. 


Horizon. 


Catahoula  sandstone  ^in  beds  of  Vicksburg  age). 
Catahoula  sandstone  (in  beds  of  Chattahoochee  age). 

Do. 
Catahoula  sandstone  (in  beds  of  Vicksburg  age). 

Do.  ^ 

Catahoula  sandstone  (a^  ?). 
Catahoula  sandstone  (m  beds  of  Chattahoochee 

age). 
Catahoula  sandstone  (in  beds  of  Vicksbuig  age). 

Do. 

Do. 
Surface  of  Vicksbuig. 

Catahoula  sandstone  (age  7). 

Do. 
Catahoula  sandstone  (in  beds  of  Vicksburg  age). 

Do. 
Fayette  sandstone  (in  beds  of  Jackson  age). 
Catahoula  sandstone  (in  beds  of  Vicksburg  age). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


THE  FLORA. 

Phylum  THALLOPHTTA. 

Funsi  imperfectl. 

Order  MELANGONIALES. 

FamUy  MSLANGONIACEiE. 

Oenns  PESTALOZZTTES  Berry,  n.  gen. 

The  genus  Pestalozzites  is  proposed  for 
fossil  leaf-spot  fungi  that  attacked  fan  palms 
and  formed  nondiffuse  spots  with  plainly 
marked  outlines  and  more  or  less  regular 
form.  It  was  suggested  by  the  identity  in 
appearance  hetweenPestalozzites  sahalanaBerry 
(manuscript  name)  and  Pestalozzia  sp.  cf .  P,  pal- 
marum  Cooke  *  found  infesting  Serenoa  semdata 
(Michaux)  Hooker.  I  fully  reaUze  that  appear- 
ances are  deceptive  and  that  there  are  a  large 
number  of  parasitic  fungi  which  attack  existing 
palms,  as,  for  example,  species  of  the  genera 
Ascochyta,    Diplodia,     Exosporium,    Phoma, 

J  Kindly  Identified  for  the  writer  by  Mrs.  Flora  W.  Patterson,  of  the 
Bureau  of  Plant  Industry,  U.  8.  Departznezit  of  Agriculture. 


Pleospora,  and  Stagonospora,  any  of  which 
might  cause  leaf  spotting.  The  name  given 
may  well  serve,  however,  as  a  form  genus  for 
remains  of  this  sort  and  no  harm  is  done  in 
commemorating  the  resemblance  to  the  exist- 
ing genus  Pestalozzia  De  Notley,  the  only 
modem  genus  whose  effects  are  so  regular  in 
appearance. 

In  a  considerable  amount  of  fossil  material 
the  characteristic  spotting  of  this  type  is 
mainly  confined  to  the  leaf  rays  of  a  Sabal- 
Uke  form,  but  in  the  Claiborne  species  Thrinax 
eocenica  Berry  it  occurs  on  both  the  rays  and 
the  rachis. 

Pestalozzites  minor  Berry,  n.  sp. 

Plate  LV,  figure  2. 

Essential  characters  unknown.  Found  in- 
festing the  rays  of  Sabalites  vickshurgensis 
Berry,  where  it  forms  relatively  small,  usually 
nearly  circular  leaf  spots,  which  average 
about  1  millimeter  in  diameter.  These  remains 
are  of  trifling  value  from  either  the  botanist's 
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or  the  geologist's  point  of  view,  nevertheless 
they  are  of  considerable  interest  as  indicating 
the  presence  of  this  type  of  plant  life  in  the 
Oligocene  epoch.  Indistinguishable  remains 
are  present  on  both  the  rays  and  the  rachis  of 
the  Claiborne  species  Thrinax  eocenica  Berry. 

Occurrence:  Catahoula  sandstone,  Chalk 
HiUs,  2  miles  south  of  Rosefield;  La. 

Collection:  New  York  Botanical  Garden. 

Phylum  PTEBIDOPHTTA. 

Order  FnJCALSS. 

Family  SCHIZiEACSJE. 

OenuB  LTOODIVM  Swiftiz. 

Lygodium  miasisBlppieiisis  Berry,  n.  sp. 

Plate  LV,  figures  3,  4. 

Pinnules  small  and  somewhat  coriaceous, 
bilobate.  Base  rounded.  Margins  entire, 
slightly  undulate.  Lobes  narrow,  linear,  with 
rounded  tips,  diverging  at  an  angle  of  about 
90°  and  separated  by  a  right-angled  sinus  that 
approaches  within  6  or  7  millimeters  of  the  base. 
Width  of  lobes  about  7  millimeters;  length 
about  3  centimeters.  Venation  characteristic 
of  the  genus;  rather  open,  considering  the 
small  size  of  the  pinnules.  At  or  just  above 
the  base  the  leaf  trace  of  the  pinnule  forks 
at  an  angle  of  55®  to  66®,  the  branches  curving 
outward  and  pursuing  a  course  approximately 
in  the  middle  of  the  lobes  imtil  they  become 
obsolete  by  repeated  branching.  The  branches 
go  oflf  at  acute  angles  and  curve  outward,  fork- 
ing one  or  more  times  (usually  but  once)  by  a 
narrow  dichotomy  and  ending  in  the  margin. 

The  present  species  is  based  on  very  scanty 
and  fragmentary  remains  found  also  in  the 
Fayette  sandstone  of  Trinity  County,  Tex. 
It  is  fully  recognized  that  Lygodium  pinnules 
are  in  general  variable  in  size,  outline,  and 
lobation  and  that  the  foregoing  description  is 
inadequate  in  many  respects.  At  the  same 
time  this  species  represents  a  characteristic 
element  in  a  meager  flora  which  is  of  great 
interest  to  the  student  of  comparative  paleo- 
botany. It  is  clearly  distinct  from  the  Wilcox 
or  Claiborne  species  of  Lygodium,  the  tendency 
seemingly  having  been  in  the  direction  of  a 
progressive  diminution  in  the  size  of  the  pin- 
nules, a  feature  also  noted  in  the  records  of  the 
species  of  Lygodium  found  in  the  Tertiary  of 
Europe. 


It  resembles  somewhat  but  is  perfectly  dis- 
tinct from  Lygodium  dentoni  Lesquereux,*  of 
the  Green  River  formation  in  the  Rocky  Moun- 
tain region.  It  also  resembles  what  J.  Starkie 
Gardner  tenns  a  ^*  dwarfed  barren  frond  of 
Lygodium  kaulfussi  Heer  from  the  Lutetian  of 
southern  England." '  Saporta  has  described 
three  species  from  the  Sannoisian  of  southern 
France,  a  horizon  not  very  different  from  the 
present  one,  which  greatly  resembles  this  spe- 
cies. They  are  Lygodium  parvifoliumf*  L.  ex- 
quisitum,^  and  L,  disiractum}  Lygodium  par- 
vifolium  is  a  small  bilobate  form  very  close  to 
the  present  species;  in  fact,  the  two  may  be 
identical,  but  in  the  present  state  of  our  infor- 
mation, both  species  being  rare  and  scantily 
represented,  it  is  wiser  to  keep  them  distinct. 

Occurrence:  Catahoula  sandstone  near  Eling, 
5  miles  south  of  Florence,  Rankin  County, 
Miss. 

Collection:  United  States  National  Museum. 

Family  POLTPODIACSJE. 
Oenns  ACBOSTXCHUM  LUrnC. 

Acrostichuin  smithi  Berry,  n.  sp. 

Plate  LV,  figures  5-8. 

Frond  habit  undeterminable,  presumably 
pinnate  and  of  lai^c  size.  Pinnae  variable 
in  size  and  outline,  ranging  from  reduced 
elongate-elUptical  pinnsB  like  those  of  the 
Claiborne-Jackson  species  Acrostichum  georgi- 
anum  Berry  to  forms  with  long,  narrow  pinnae 
and  other  forms  with  pinnae  fully  as  large  as 
those  of  the  Yegua  or  **Cookfield''  (upper 
Claiborne)  and  Green  River  species  Acros- 
tichum  hesperium  Newberry.  The  margins  are 
entire  but  somewhat  irregular  and  more  or 
less  revolute.  The  leaf  substance  is  tliick 
and  the  texture  coriaceous,  much  more  so 
than  in  either  of  the  forms  cited.  Midrib  stout 
and  more  or  less  flexuous.  Lateral  venation 
very  fine  and  obscure,  of  the  t3rpioal  Acros- 
tichum type,  more  ascending  than  in  the  species 

I  Lesquereux,  Leo,  Contributions  to  the  fossil  flora  of  the  Western 
Territories,  pt.  2,  The  Tertiary  flora:  U.  S.  Geol.  Sun-ey  Terr.  Kept., 
vol.  7,  p.  63,  pi.  65,  figs.  12,  13.  1878. 

a  Gardner,  J.  S.,  and  Ettingshaiisen,  Constantin,  British  Eocene 
Flora,  vol.  1,  p.  67,  pi.  13,  fig.  8,  IS82. 

>  Saporta,  Gaston  de,  Etudes  sur  la  v^tation  du  sud-est  de  la  France 
ikl'^poqiie  tertiaire,  vol.  3,  suppl.  2,  p.  87,  pi.  1,  fig.  U,  1867;  Oemidres 
adjonctions  k  la  flore  fossil  d'Aix-en- Provence,  pi.  2,  fig.  6, 1889. 

« Saporta,  Gaston  de,  op.  cit.  (Etudes,  etc.),  p.  88,  pi.  1,  fig.  13. 

&  Saporta,  Gaston  de,  op.  cit.  (Demi^res  adjonctions,  etc.).  pt.  1,  p.  24. 
pi.  2,  fig.  8. 


232 


SHORTER  CONTRIBUTIONS  TO  GENERAL  GEOLOGY,  1916. 


cited,  with  very  narrow  and  much  elongated 
areolae. 

This  species  is  abundant  but  fragmentary  in 
the  Mississippi  Oligocene,  wnere  the  matrix  is 
an  argillaceous  sand  or  sandy  mudstone  of  shal- 
low-water origin  and  not  especially  favorable 
for  the  preservation  of  plant  remains.  Some 
years  ago  Dr.  Eugene  A.  Smith  showed  me  a 
nearly  complete  pinna  about  12  centimeters  in 
length  that  he  had  collected  from  this  locality. 
I  have  not  seen  this  specimen  recently  but  pre- 
sume it  is  still  in  the  collections  of  the  Alabama 
Geological  Survey  at  University,  Ala.  The 
species  is  named  for  Dr.  Smith,  who  has  done 
so  much  for  southern  geology  and  who  discov- 
ered the  plant  locality  near  Eing,  Miss.,  that 
makes  it  possible  to  correlate  the  deposits 
definitely. 

The  genus  Acrostichum  is  made  up  of  trop- 
ical marsh  ferns,  its  most  representative  species 
being  Acrostichum  aureum  Linnfi,  a  cosmopoli- 
tan and  common  tropical  and  subtropical  type 
inhabiting  the  mangrove  and  nipa  tidal  swamps 
as  well  as  similar  situations  throughout  the  old 
and  new  worlds.  The  genus  appears  in  the 
basal  Eocene  and  has  several  European  and 
American  species  in  Eocene  and  Oligocene  de- 
posits, the  principal  forms  being  Acrostichum 
lameanum  (Gardner  and  Ettingshausen)  ,^  of  the 
European  Lutetian  and  Bartonian,  and  Acros- 
tichum georgianum  Berry  and  Acrostichum  hes^ 
perium  Newberry,  of  the  Claiborne,  Jackson, 
and  Green  River  deposits.  Several  other  spe- 
cies from  the  European  Oligocene  (Sannoisian, 
Tongrian,  and  Chattian)  that  are  comparable 
with  the  present  form  have  been  described. 
The  present  species  is  especially  like  Acros- 
tichum striatum  (Squinabol),  of  the  Lower  Ton- 
grian of  Ste.  Justine,  near  Savone,  in  Liguria, 
Italy. 

Occurrence:  Catahoula  sandstone  near  King, 
5  miles  south  of  Florence,  Rankin  County, 
Miss. 

Collection:  United  States  National  Museum. 

I  Gardner,  J.  S.,  azid  Ettingshausen,  Constantin,  Britisb  Eocene  flora, 
vol.  1,  p.  26,  pi,  1;  pi.  2,  figs.  1-4, 1879. 


Phylum  SPXBMATOPH7TA. 

Class  GYMNOSPEBlCfi. 

FamUy  PINAGXJE. 

Genus  CXTFBBSSITES  Bowerbank. 

Cnpressltes  sndworthi  Berry,  n.  sp. 

Plate  LV,  figure  1. 

Cones  small,  subglobose,  1.5  to  2  centimeters 
in  diameter.  Cone  scales  ligneous,  decussate, 
less  than  10  in  number,  the  exact  number  not 
determinable,  peltate  in  form,  with  a  thick 
axis  abruptly  dilated  to  the  subangular  four 
or  five  sided,  expanded  and  transversely  flat- 
tened tip,  which  is  thick  and  radiately  wrinkled 
from  the  subcentral  mucronate  umbo. 

The  present  species  is  based  on  poorly 
preserved  arid  somewhat  crushed  cones,  whose 
substance  at  the  Chalk  Hills  locality  is  replaced 
by  a  friable  kaolinitic  deposit.  No  traces  of 
coniferous  foliage  have  been  found  in  asso- 
ciation with  them.  These  cones  are  very 
similar  to  those  from  the  Lower  Oligocene  of 
Haering,  in  Tyrol,  described  by  Unger'  as 
Cupressites  taxiformis,  which  Gardner,'  appar- 
ently on  good  grounds,  transfers  to  the  genus 
Cupressus  and  associates  with  cones  from  the 
supposedly  older  beds  at  Bournemouth  (Middle 
Bagfehot),  in  the  south  of  England.  The  pres- 
ent material  is  too  poorly  preserved  to  show 
whether  the  proximal  scales  are  fused  or  free, 
or  whether  sterile  scales  persist  at  the  base  of 
the  cone.  As  identity  with  Cupressus  taxi- 
formis can  not  be  positively  established  these 
remains  are  described  as  new,  and  as  they  can 
not  be  definitely  referred  to  the  genus  Cu- 
pressus rather  than  Chamaecyparis,  they  are 
referred  to  the  form  genus  Cupressites  of 
Bowerbank  and  named  in  honor  of  Mr. 
George  B.  Sudworth,  of  the  United  States 
Forest  Service.  The  species  in  a  lignified 
state  is  present  in  beds  of  lower  Jackson  age 
in  western  Tennessee. 


« Unger,  Fmnz,  Chloris  protogaea,  p.  18,  pi.  8,  figs.  1-3;  pi.  9,  figs.  1-4, 
1847. 

3  Gardner,  J.  8.,  British  Eocene  flora,  vol.  2,  p.  26,  pi.  9,  figs.  22-26, 
28-30, 1883.    Other  figures  show  the  characteristic  dimorphic  foliage. 
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The  modern  species  of  Cupressus  axe  about 
12  in  number,  of  comparatively  warm  climatic 
requirements,  found  in  southern  Eurasia  and 
in  Pacific  North  America  from  California 
southward  to  Central  America,  usually  fre- 
quenting sandy  habitats  near  the  coast.  The 
modern  species  of  Chamsecyparis  number  four 
or  five  and  are  confined  to  the  Atlantic  and 
Pacific  coast  regions  of  North  America  and 
similar,  mostly  swampy  habitats  in  Japan  and 
Formosa. 

Occurrence:  Chalk  Hills,  2  miles  south  of 
Rosefield,  La. 

Collection:  United  States  National  Museum. 

Class  ANOIOSPXBMJE. 

Subclass  MONOCOTTLEDONA. 

Order  ABSCALSS. 

Family  ASBCACEJE. 

Genus  SABAUTES  Saporta. 

Sabalites  yicksbargeiisls  Berry,  n.  sp. 

Leaves  of  variable  size,  flabellate,  the  maxi- 
mum diameter  estimated  (from  collected  ma^ 
terial)  at  about  120  centimeters.  Rachis 
relatively  slender,  unarmed,  not  enlarged  at 
the  base  of  the  leaf,  continued  upward  as  a 
long,  slender,  gradually  narrowed  acumen. 
Whether  or  not  the  two  surfaces  of  the  leaf 
differ,  as  they  do  in  Sabalites  grayanua  Les- 
quereux,  of  the  Wilcox,  and  Sahalitea  apalachi- 
colensis  Berry,  of  the  Apalachicola  group, 
can  not  be  determined  from  the  available 
material.  Fragmentary  counterparts  of  the 
base  of  a  leaf  indicate  that  the  acumen  is 
practically  the  same  on  both  leaf  surfaces. 
Rays  carinate,  about  40  in  number;  basal 
ones  becoming  smaller,  narrower,  closer,  and 
more  curved  proximad;  all  are  extended, 
linear-lanceolate,  and  acuminate,  becoming 
free  distad  for  greater  or  less  distances,  usually 
from  one-third  to  one-half  their  total  length. 
Maximum  observed  width  of  rays  (near  the 
middle),  3.6  centimeters.  Midrib  of  rays  stout. 
Lateral  veins  paraUel  with  midrib,  stout, 
about  30  on  each  side,  one  or  two  at  irregular 
intervals  on  each  side  more  prominent  than 
their  fellows,  connected  by  fine  transverse 
veinlets  at  right  angles  to  the  main  parallel 
venation.  Leaf  substance  relatively  thin  but 
stiff. 


The  present  species  is  close  to  previously 
described  forms  of  Sabalites,  the  specific  re- 
lations of  all  of  which  are  not  certainly  assured. 
It  differs  from  Sabalites  apalachicolensis  Berry 
(unpublished)  in  its  more  slender  rachis, 
longer  acumen,  thinner  leaf,  and  more  promi- 
nent venation.  It  may  be  distinguished  from 
the  widespread  Wilcox  form  Sabalites  grayanus 
Lesquereux  by  its  more  slender  raclus,  lack  of 
enlargement  at  the  base  of  the  leaf,  and  thinner 
texture. 

Sabalites  vicksburgensis  was  a  form  that  re- 
sembled in  its  habitat  Sabalites  apalachico- 
lensis as  well  as  the  modern  Sabal  palmetto 
Roemer  and  Schultes — that  is  to  say,  it 
probably  never  flourished  far  from  the  coast. 
It  is  represented  in  the  collections  by  little 
first-class  material,  although  the  numerous  ray 
fragments  in  the  argillaceous  sandstones  of 
the  Chalk  Hills  show  that  it  must  have  been  an 
abundant  element  in  the  flora  of  Vicksburg 
time.  The  Vicksburg  is  notable  for  the 
abundance  of  petrified  fragments  of  palm 
stems  found  in  its  deposits  and  distributed  in 
an  arc  extending  from  Texas  through  Louisiana, 
Mississippi,  and  Alabama,  and  probably  reach- 
ing the  West  Indies  on  the  one  hand  and 
Mexico  on  the  other.  Seven  different  species 
based  on  these  remains  are  described  in  the 
present  study  and  bear  eloquent  testimony  to 
the  diversity  of  the  palm  flora  and  to  the 
tropical  character  of  the  Vicksburg  climate. 
Some  of  the  Chalk  Hills  rays  are  infested  with 
a  leaf-spot  fungus  which  I  have  described  as 
Pestalozzites  minor. 

Occurrence:  Catahoula  sandstone.  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collection:  United  States  National  Museum. 

Oenns  PALMOXTLON  Schenk. 

Palmoxylon,    Schenk,  Engler's  Bot.  Jahrb.,  vol.  3,  p.  355, 
1882. 

The  silicified  remains  of  palm  wood  are 
exceedingly  common  in  the  late  Ek)cene  and 
Oligocene  deposits  from  Texas  eastward  across 
Louisiana,  Mississippi,  and  Alabama,  and  re- 
appear in  several  of  the  Greater  and  Lesser 
Antilles,  as  well  as  in  Mexico  and  on  the 
Isthmus  of  Panama.  These  remains  are  frag- 
mentary for  the  most  part,  although  several 
large  trunks  have  been  seen.  Usually  they 
are  found  weathered  out  upon  the  surface,  or 
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reworked  and  more  or  less  rolled,  in  Pleisto- 
cene and  Recent  deposits,  in  or  immediately 
south  of  the  area  of  outcrop  of  the  Vicksbui^ 
deposits. 

In  the  early  days  fossil  palm  wood  was  re- 
ferred to  the  genera  Fasciculites  Cotta  and  En- 
dogenites  Brongniart  or  Palmacites  Brongniart, 
but  Schenk,  who  made  extensive  contributions 
to  this  subject^  united  all  the  remains  in  the 
comprehensive  form  genus  Palmoxylon,  in 
which  he  has  been  followed  by  most  subse- 
quent writers.  More  recently  two  other  Ger- 
man students,  Felix  and  Stenzel,  have  devoted 
much  time  to  the  elucidation  of  petrified  palm 
wood  from  various  parts  of  the  world.  Stenzel 
has  given  us  the  most  comprehensive  work  on 
the  subject  *  that  has  yet  appeared,  in  which 
62  species  of  wood  and  4  species  of  roots  are 
elaborately  described  and  figured,  and  extended 
comparisons  are  instituted  between  the  fossil 
and  living  species  of  palms. 

The  difl5.culties  in  the  way  of  satisfactory 
systematic  work  on  the  internal  structure  of  the 
Monocotyledonae  are  very  much  greater  than 
with  the  GjrmnospermaB  or  the  Dicotyledonse. 
Not  only  are  satisfactorily  preserved  specimens 
of  fossil  forms  much  rarer,  by  reason  of  their 
parenchymatous  nature,  but  there  is  less  char- 
acteristic generic  variation  among  the  palms, 
and  furthermore  the  present  state  of  our  knowl- 
edge of  the  anatomy  of  the  existing  species  is  in 
a  very  unsatisfactory  condition. 

Felix,  in  his  studies,  divided  palm  woods  into 
two  sections — one  in  which  small  roimd  scleren- 
chyma  bimdles  are  scattered  through  the  stem 
parenchyma  between  the  fibrovascular  bundles, 
and  one  in  which  these  auxiliary  sclerenchyma 
bundles  are  lacking.  Stenzel  departs  some- 
what from  this  older  method  and  uses  a  system 
based  largely  on  a  comparison  of  the  arrange- 
ment, size,  and  structure  of  the  bundles  in  the 
central  and  peripheral  portions  of  the  stem, 
and  on  the  size  and  shape  of  the  sclerenchyma 
portion  of  the  fibrovascular  bimdles. 

In  the  present  connection  no  attempt  is  made 
to  review  the  literature  on  fossil  palms  or  on  the 
anatomy  of  recent  palms,  the  arrangement  and 
supposed  aflinities  as  determined  by  Stenzel 
being  followed  without  any  attempts  at  revi- 
sion. The  following  key  will  facilitate  the 
determination  of  remains  of  this  sort : 


»8tenael,  K.  G.,  Fossile  PalmenhOlier:  Beitr.  Pal.  Oeol.  Osterreich- 
Ungarns  u.  des  Orients,  vol.  16,  pt.  4,  pp.  1-1JJ2,  pU.  1-22, 1904. 


Key  of  Oligocene  species  of  Pahrvoxylon  of  southern  United 

States. 

Fibrovascular  bundles  all  similar — that  is,  without 

parceptible  differences  between  those  of  the  central 

and  p3ripheral  regions  of  the  stem;  parenchyma 

without  intercellular  spaces: 

Sclerenchyma  portion  orbicular  or  ovate  in  cross 

section,  either  truncate  or  with  a  broad,  shallow 

indentation  where  it  joins  the  vascular  portion 

(reniform) ovatum. 

Sclerenchyma  portion  deeply  excavated  (lunate) 
to  receive  the  vascular  portion,  which  is  approx- 
imately equal  to  it  in  size.    Fibro\'ascular  bun- 
dles thin,  0.5  millimeter,  close-set,  uniformly 
distributed .    No  auxiliary  bundles . .  mississippense. 
Fibrovascular  bundles  usually  crowded  in  the  periph- 
eral region,  more  remote  centrally;  sclerenchyma 
portion  strongly  developed,  usually  much  larger 
than  the  vascular  portion: 
Parenchymatous  groundmass  with  intercellular 
spaces: 
With  auxiliary  sclerenchyma  bundles: 

Fibrovascular  bundles  unsymmetricaUy 
arranged,  crowded,  sclerenchyma  por- 
tion round.  Auxiliary  bundles  rare, 
naked.  Intercellular  spaces  not  well 
defined     in     peripheral     portion    of 

stem texense. 

Auxiliary  bundles  numerous,  thin, 
naked.    Parenchjrma  with  prominent 

intercellular  spaces lacunosum. 

Without  auxiliary  sclerenchjrma  bundles: 
Sclerenchyma  portion  ol  fibrovascular 
bundles  sagittate  or  almost  surrounding 
the  reduced  vascular  portion. .  .cellulosum. 
Vascular  portion  orbicular  or  ovate,  not 
in  an  embayment  of  the  sclerenchyma 
portion;  where  the  latter  joins  the  for- 
mer it  is  flattened  (complanate).  .r^mo^urn. 
Groundmass  without  intercellular  spaces,  .microxylon. 

Corypha-like  stems. 

Group  SAOITTATA. 
Palmoxylon  microxylon  (Corda)  StenzeL 

Palmacites   microxylon.     Corda,    BeitrSge   zur   Flora   der 

Vorwelt,  p.  48,  pi.  21,  1845. 
Fasciculites  Cottx.    Unger,  Genera  et  species  plantarum 

fossilium,  p.  335,  1850. 
Fasciculites  didymosolen.    Stenzel,  De  trunco  palmarum 

fossilium  (Inaug.  diss.),  p.  8,  1850. 
Palmoxylon  Quenstedti.    Felix,  Die  fossile  HOlzer  Westin- 

diens,  p.  25,  pi.  4,  fig.  4,  1883. 
Palmoxylon  Quenstedti.    Knowlton,  U.  S.  Nat.  Mus.  Proc., 

vol.  11,  p.  90,  pi.  30,  fig.  1,  1888. 
Palmoxylon  microxylon.    Stenzel,  Fossile  Palmenhdlzer, 

p.  68  (174),  pi.  15  (17),  figs.  160,  168,  1904. 

Fibrovascular  bundles  thick,  numerous, 
closely  spaced,  irregular  in  outline  in  trans- 
vei-se  sections,  0.5  to  1  millimeter  in  diameter; 
the  sclerenchyma  portion  strongly  developed, 
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consisting  of  exceedingly  thick  walled  cells, 
often  nearly  and  sometimes  entirely  surround- 
ing the  vascular  portion,  which  consists  of  a 
few  lai^e  or  several  small  vessels;  the  phloem 
and  xylem  parenchyma  often  poorly  preserved. 
The  vascular  portion  generally  occupies  a  usu- 
ally angular  and  often  narrow  indentation  in 
the  hasal  portion  of  the  handle.  Bundles 
somewhat  less  numerous  in  central  part  of 
stem.  Auxiliary  sclerenchymatous  bimdles  nu- 
merous, relatively  stout,  0.16  to  0.08  millimeter 
in  diameter,  not  siurounded  by  a  ring  of  small, 
longitudinally  elongated  parenchymatous  cells. 
Groundmass  without  well-defined  intercellular 
spaces;  made  up  of  rather  small,  thin-walled, 
usually  longitudinally  elongated,  occasionally 
isodiametric  and  parenchymatous  polyhedral 
cells;  those  in  close  proximity  to  bundles 
radially  widened. 

This  species  has  been  fully  discussed  by 
Stenzel.  It  was  described  as  early  as  1845  by 
Cordafrommaterialfoimdin  theOUgoceneof  the 
island  of  Antigua  and  was  collected  in  1885  by 
L.  C.  Johnson  in  Rapides  Parish,  La.,  the  exact 
locahty  being  unrecorded.  It  has  not  been 
found  in  this  region  by  the  more  recent  col- 
lectors. 

Occurrence:  Catahoula  sandstone,  Rapides 
Parish,  La. 

Collection:  United  States  National  Museum. 

Palmoxylon  cellolosam  Knowlton. 

Palmoxylon  cellulosum.    Knowlton,  U.  S.  Nat.  MuB.  Proc., 

vol.  11,  p.  90,  pi.  30,  fig.  2,  1888. 
Palmoxylon  celltdosum.    Felix,  Foasile  'R6\zer  von  Tlaco- 

lula,  p.  3  (46),  pi.  3,  figs.  1-3,  18»3. 
PiUmoxylon  oellulosum,    Stenzel,  Foasile  PalmenhOlzer, 

p.  72  (178),  pi.  15  (17),  figs.  16^-171;  pi.  16  (18),  figs. 

172-184, 1904. 

Fibro vascular  bimdles  large,  elliptical  in 
transverse  section,  about  1  millimeter  in  diam- 
eter; sclerenchyma  portion  nearly  surrounding 
the  vascular  portion.  Groundmass  of  large 
irregular  parenchymatous  cells,  with  large  in- 
tercellular spaces;  somewhat  more  compact  in 
the  immediate  vicinity  of  the  bundles.  The 
fibrovascular  bundles  are  more  numerous  in  the 
peripheral  than  in  the  central  part  of  the  stem, 
but  much  less  crowded  than  in  Palmoxylon 
microxyUm.  The  ground  tissue  greatly  resem- 
bles that  of  P.  lacunosum  but  lacks  the  auxil- 
iary sclerenchyma  bimdles  of  that  species. 

Palmoxylon  cdlulo8um,B3  described  by  Knowl- 
ton, came  from  Rapides  Parish,  La.     Subse- 

30830**— 17 16 


quently  it  was  recorded  from  the  State  of 
Oaxaca,  Mexico,  by  Felix,  who  supposed  the 
strata  containing  it  to  be  Cretaceous.  Either 
the  age  determination  of  the  Mexican  strata 
was  erroneous  or  the  two  occurrences  can  not 
represent  the  same  species.  Additional  mate- 
rial of  this  species  has  been  collected  from  Bayou 
Pierre  in  Mississippi. 

Occurrence:  Catahoula  sandstone,  Rapides 
Parish,  La.;  Bayou  Pierre,  Claiborne-Copiah 
county  Une,  Miss. 

Collection:  United  States  National  Museum. 

Gronp  COMPLAKATA. 
Palmoxylon  texense  StenzeL 

Plate  LVI. 

Palmoxylon  texense.    Stenzel,  Foasile  PalmenhOlzer,  p.  79 
(185),  pi.  6  (8),  figs.  61-63,  1894. 

Stenzel  correlated  two  specimens  from  Texas 
with  this  species,  r^arding  one  as  a  peripheral 
part  of  a  stem  and  the  other  as  a  more  central 
portion.     These  he  describes  as  follows: 

The  ground  tissue  in  both  is  formed  from  thin-walled 
cells;  the  exterior  is  dense  or  at  least  without  well-defined 
intercellular  spaces.  The  8clerench3rma  portion  of  the 
longitudinal  bundle  is  surrounded  with  two  or  three  layers 
of  rather  small  elongated  cells,  arranged  with  their  major 
axes  parallel,  followed  by  larger  elongated  cells  which  are 
radially  disposed  with  their  ^ort  sides  toward  the  fibrous 
tissue.  In  the  woody  fiber,  on  the  contrary,  the  cells  are 
almost  uniformly  polygonal;  only  in  isolated  areas  do  any 
number  of  even  slightly  elongated  cells  occur.  The  funda- 
mental tissue  from  the  central  part  of  the  stem  is,  on  the 
other  hand,  porous,  with  numerous  intercellular  spaces. 
Pressed  close  against  the  sclerenchyma  portion,  as  in  the 
outer  bimdles,  are  well-developed  elongated  cells  which 
radiate  from  the  woody  part,  and  outside  of  these  are  sev- 
eral layers  of  similar  cells  connected  with  each  other,  which 
often  exhibit  a  symmetrical  orientation  toward  the  middle 
of  the  stem. 

The  outer  longitudinal  fibrovascular  bimdles  run  straight 
upward;  they  are  placed  near  one  another — ^in  fact,  whole 
series  lie  so  close  that  they  are  almost  in  contact,  and  45  or 
50  are  crowded  into  a  single  square  centimeter.  Within 
they  even  lie  on  top  of  one  another,  but  toward  the  middle 
of  the  stem  they  are  separated  by  interspaces  two  or  three 
times  their  own  thickness,  so  that  only  a  dozen  fibrovascular 
bundles  occur  in  the  same  space;  and  yet  almost  all  the 
longitudinal  bundles,  like  the  small  transverse  bundles, 
direct  their  sclerenchyma  portion,  sometimes  horizontally, 
sometimes  a  little  obliquely,  toward  the  exterior,  so  that 
we  must  take  it  for  granted  that  we  have  before  us,  in  addi- 
tion, a  part  of  the  intermediate  layer.  It  is  very  remarka- 
ble that  among  the  outer  longitudinal  bundles  only  a  snuill 
fraction  are  unsymmetrically  arranged. 

The  longitudinal  bundles  are  obviously  binary.  The 
roundish  sclerenchyma  portion,  of  very  thick  walled  cells, 
is  somewhat  flattened  toward  the  inside,  even  squeezed 
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very  thin,  but  laterally  it  is  rounded.  At  this  point  the 
smaller  vascular  portion  is  generally  attached;  this  is 
iisually  elongated  near  the  outer  bundles  and  frequently 
produced  b^iind  so  that  it  appears  almost  triangular  in 
outline,  while  within  it  is  rounded  to  form  a  semicircle  in 
cross  section.  It  bears  two  discrete  vascular  bundles 
either  one  of  which  may  be  replaced  by  two  others,  similar 
in  character,  situated  near  at  hand. 

The  transverBe  bundles,  in  which  the  breadth  of  the 
fibrous  portion  is  equal  to  or  less  than  the  breadth  of  the 
longitudinal  bundles,  have  a  simple  yet  narrower,  more 
produced  woody  portion. 

The  few  auxiliary  sclerenchyma  bimdles  are  of  not 
more  than  medium  thickness.  They  are  uniformly  dis- 
tributed, thin,  and  without  encircling  cells. 

Stenzel  does  not  give  the  exact  locality  in 
Texas  where  his  material  was  collected,  but  it  is 
not  unlikely  to  have  come  from  the  same  area 
in  Jasper  County  as  my  material.  Unstudied 
material  indicates  the  probable  presence  of  this 
species  at  several  locahties  in  the  Catahoula 
sandstone  of  Texas  and  in  the  Vicksburg  lime- 
stone of  Alabama. 

Occurrence:  Catahoula  sandstone,  5  miles 
north  of  Jasper,  Jasper  County,  Tex. 

Collection:  United  States  National  Museum. 

Palmoxylon  lacnnosiim  (Unger)  Felix. 

Pkte  LVII,  figure  1;  Plate  LVIII. 

FaieiculUes  lacunomu.  Unger,  in  Martins,  Genera  et 
species  palmarum,  vol.  1,  p.  58,  sec.  16,  tab.  geol.  1, 
fig.  1;  2,  fig.  8;  3,  fig.  1,  1845;  Synopsis  plantarum 
fossilium,  p.  186, 1845;  Chloris  protogeea,  p.  71,  1845; 
Genera  et  species  plantarum  fossilium,  p.  335, 1850. 

Palmoxylon  lacunowm.  Felix,  Die  fossile  HOlzer  Westin- 
diens,  p.  23,  pi.  5,  fig.  3, 1883.  [1882  name  is  referred 
by  Btenzel  to  P.  ojiomdlum  (Unger).] 

Palmoxylon  lacunosum.  Stenzel,  Fossile  Palmenhdlzer, 
p.  81  (187),  pi.  8  (6),  figs.  64-66,  1904. 

Palmoxylon  lacunotum.  Schenk,  in  Zittel,  Handbuch  der 
Palaeontologie,  Abth.  2,  Palaeophytologie,  p.  889, 
fig.  430, 1890. 

Fibro vascular  bundles  not  crowded ,  espe- 
cially in  interior  of  stem;  sclerenchyma  portion 
ovate  or  reniform  in  transverse  section.  Vas- 
cular portion  orbicular.  Auxiliary  scleren- 
chyma, bundles  numerous,  thin,  without  modi- 
fied encircling  cells.  Groimdmass  with  inter- 
ceUular  spaces,  which  are  not  greatly  developed 
in  the  peripheral  part  of  the  stem. 

Stenzel  refers  the  following  forms  to  this 
species : 

Fasciculite*  anomalus.  Unger,  in  Martins,  op.  cit.,  p.  57, 
pi.  2,  fig.  9;  pi.  3,  fig.  2, 1845.  (This  reference,  if  cor- 
rect, would,  according  to  the  law  of  priority,  involve 
a  change  in  the  name  of  this  well-known  form.) 


PalmaeiUs  axonenns.  Watelet,  Plantes  fossiles  du  bassin 
de  Paris,  p.  103,  pi.  30,  fig.  3, 1866.  (Fiom  Quincy- 
sou»-le  Mont,  in  the  valley  of  the  Aisne.) 

The  species  is  close  to  Palmoxylon  texense  and 
also  to  P.  aviiguense.  The  original  locality  is 
unknown,  although  the  species  is  often  referred 
to  the  island  of  Antigua,  as  by  Schenk.  My 
Catahoula  material  is  abundant,  but  not  espe- 
cially well  preserved.  Very  well  preserved 
material  occurs  in  the  Vicksburg  at  Nero,  Ala. 

Occurrence:  Catahoula  sandstone,  Texas  & 
Pacific  Bailway,  1  mile  east  of  Galbraith, 
northwest  border  of  Rapides  Parish,  La. ;  south 
bank  of  creek  just  north  of  Pollock,  Grant 
Parish,  La. 

Collection:  United  States  National  Museum. 

Palmoxyloii  remotam  StemeL 

Plate  LVII,  figures  ^^5. 

Palmoxylon  remotum.  Stenzel,  Fossile  Palmenh61zer,  p. 
91  (1»7),  pi.  7  (9),  figs.  79-^1;  pi.  8  (10),  fig.  82;  pi. 
9  (11),  figs.  8S-85, 1904. 

Fibrovascular  bundles  thick,  1  millimeter  in 
diameter,  rather  widely  spaced;  sclerenchyma 
portion  elliptical  to  reniform  in  transverse 
section,  flattened  where  it  joins  the  orbicular 
relatively  large  vascular  portion,  which  con- 
sists of  a  few  large  vessels  and  several  small 
ones.  Auxiliary  sclerenchyma  bundles  want- 
ing. Groimdmass  of  elongated  cells  with  inter- 
cellular spaces,  except  in  the  inunediate  vicinity 
of  the  fibrovascular  bundles,  where  they  are 
closer  and  radiately  arranged. 

This  species  is  readily  distinguished  from 
associated  forms  by  the  large  size  and  remote- 
ness of  the  fibrovascular  bundles,  coupled  with 
the  absence  of  auxiliary  bundles.  It  was 
described  by  Stenzel  from  specimens  collected 
near  Washington,  Adams  County,  Miss.  I  dis- 
covered*a  fragment  over  30  centimeters  in  diam- 
eter and  75  centimeters  in  length  in  the  pos- 
session of  a  native  of  Waynesboro,  in  the  east- 
em  part  of  Mississippi.  It  was  collected  from 
the  surface  of  the  ground  about  5  miles  north 
of  Waynesboro,  in  a  depression  of  the  Vicks- 
burg limestone  and  is  now  in  the  collection  of 
the  Greological  Survey  of  ^lississippi.  Dr.  E. 
N.  Lowe,  the  State  geologist,  kindly  forwarded 
fragments  to  me  for  study. 

Occurrence :  Catahoula  sandstone,  Washing- 
ton, Adams  Coimty,  Miss.;  5  miles  north  of 
Waynesboro,  Wayne  County,  Miss. 


FLORA  OF   THE  CATAHOULA  SANDSTONE. 


237 


Collections :  United  States  National  Museum, 
Mississippi  Geolc^cal  Survey,  Gustav  Stenzel 
inBreslau. 

Coco8-Uke  stems. 

Oroup  LUNABIA. 

Palmozylon  misslssippeiise  StenseL 

Palmoxylon  misnasippense.    Stenzel,  Foaaile  PalmenhOl- 
zer,  p.  142  (248),  pi.  21  (23),  figa.  254-265, 1904. 

I  have  not  seen  any  specimens  of  this  species, 
and  the  following  is  a  free  translation  of  some 
of  Stenzel's  comments  pn  it: 

The  curved  and  irregular  coiuse  of  the  longitudinal 
bundles,  as  well  as  the  change  in  relative  position  of 
sclerenchyma  and  vascular  portions,  the  relatively  large 
size  of  the  vascular  portion,  which  equals  that  of  the 
sclerenchyma  portion,  and  the  slight  disparity  between 
the  size  of  the  transverse  and  that  of  the  longitudinal 
bundles  all  give  evidence  of  the  fact  that  the  specimen  is 
from  the  central  part  of  a  stem. 

The  groundmass  consists  of  thin-walled,  closely  locked 
cells  which  are  dmall  and  elongated  only  in  proximity  to 
the  fibrovascular  bundles  and  in  the  narrow  interspaces 
between  two  adjacent  bundles;  elsewhere  they  are 
I)olygonal  and  reach  0.04  millimeter  in  width. 

The  longitudinal  bundles  are  uniformly  distributed  and 
are  separated  from  each  other  by  interspaces  approxi- 
mately equal  to  their  semidiameter,  though  occasionally 
they  stand  farther  apart.  At  the  same  time  they  are  so 
small,  with  a  maximum  diameter  of  scarcely  1  to  2  milli- 
meters, that  as  many  as  300  have  been  foimd  in  1  square 
centimeter. 

Because  of  the  very  different  directions  in  which  they 
are  turned,  more  than  one-half  lie  within  a  quarter  circle, 
80  that  these  can  be  looked  upon  as  directed  toward  the 
exterior;  the  directions  of  the  cross  and  of  the  transverse 
bundles  are,  however,  very  diverse,  and  the  course  of 
the  bimdles  is  bent  now  this  way  and  now  that,  so  that 
the  most  plausible  theory  still  seems  to  be  that  we  have 
before  us  a  part  of  the  central  portion  of  the  stem.  This 
would  also  accord  with  the  assumption  that  this  belongs 
to  a  Gocos-like  form. 

The  outline  of  the  longitudinal  bundle  is  somewhat 
distorted  in  the  figures,  and  the  oval  as  well  as  the  cross 
and  the  various  oblique  sections  of  the  same  bear  witness 
to  the  weathering  of  the  fossil,  as  does  also  the  frequent 
pitting  of  the  veins  and  even  more  strongly  the  discrepant 
stratification  of  the  bundles.  Then,  too,  we  find  that  the 
vascular  portions  of  the  bundles,  which  are  ordinarily 
pressed  flat  against  the  sclerenchyma  portions,  have  been 
warped  to  one  side  just  as  we  have  seen  them  elsewhere. 

These  same  causes  accoimt  for  the  polymorphism  of  the 
sclerenchyma  portion  in  the  groundmass,  in  which  we 
find  as  a  prevailing  peculiarity  that  the  outer  boundary 
is  a  semicircle,  while  within  it  borders  upon  the  vascular 
bundle  with  an  almost  horizontal  contact  line  excepting 
for  a  flattened  contraction  near  the  middle.  In  many 
bundles  this  contraction  is  more  sharply  defined,  its 


margins  more  angular,  and  it  is  often  more  restricted  on 
one  side  than  on  the  other.  In  only  a  few  is  the  margin 
obtuse  or  even  somewhat  rounded.  In  that  case  the 
ordinary  lunar  outline  is  not  wholly  obscured.  The  cells 
of  the  sclerenchyma  portion  are  xmiform  and  polygonal, 
with  thickened  walls,  leaving,  however,  a  moderately 
large  lumen. 

This  species  is  very  similar  to  Palmoxylon 
palnutdtes  (Sprengel)  Stenzel,*  which  occurs  in 
the  Oligocene  of  Antigua  and  of  the  Canal  Zone. 

Occurrence:  Catahoula  sandstone,  Washing- 
ton, Adams  County,  Miss. 

Collection:  Gustav  Stenzel  in  Breslau. 

Oronp  BENIFOSICIA. 
Palmoxylon  ovatmn  StenieL 

Palmoxylon  ovatum,  Stenzel,  Fossile  PalmenhOlzer,  p. 
119  (225),  pi.  14  (16),  figs.  152-158,  pi.  15  (17),  fig.  159, 
1904. 

This  species,  like  Palmoxylon  missiasippen^se, 
is  unrepresented  outside  of  Prof.  Stenzel's  collec- 
tion.   It  may  be  briefly  described  as  follows: 

Fibrovascular  bimdles  thick,  closely  and 
somewhat  irregularly  spaced;  sclerenchyma 
portion  orbicular,  ovate  or  elliptical  in  trans- 
verse section,  truncated  or  with  a  shallow 
indentation  where  it  joins  the  vascular  por- 
tion, which  is  well  developed  and  often  as  large 
as  the  sclerenchyma  portion;  rhomboidal  in 
transverse  outline.  Auxiliary  bimdles  not 
abundant,  without  modified  encircling  cells. 
Groundmass  without  intercellular  spaces.  A 
distinguishing  feature  of  this  species  is  the 
occurrence  in  transverse  sections  of  tiny  scat- 
tered dark  spots  resembling  the  smaller  auxil- 
iary sclerenchyma  bundles  of  Pahnoxyhn 
lacav,osum.  They  show  no  structure  and  often 
lie  in  juxtaposition  with  the  fibrovascular  or 
auxiliary  bundles. 

Stenzel  compares  the  structure  of  this  form 
with  that  of  existing  forms  of  Mauritia  and 
Geonoma.  Among  fossil  species  it  is  said  to 
be  most  similar  to  Palmoxylon  cottx  (Unger) 
Felix,  a  species  occurring  in  the  Oligocene  of 
the  West  Indies  and  Italy  and  in  the  upper 
Eocene  or  lower  Oligocene  of  Egypt  (Libya). 

Occurrence:  Catahoula  sandstone,  Washing- 
ton, Adams  County,  Miss. 

Collection:  Gustav  Stenzel  in  Breslau. 

1  Btflnid,  Gtistav,  FoasUa  PalmflohOlxer,  p.  245,  pi.  20,  fig.  263, 1904. 
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Snbolass  DICOTTLBDONJB. 

Order  UBTXCALSS. 

Tamily  MOKACEiE. 

Oexiiis  PICTTS  Linn€. 

Ficus  sp. 

Plate  LV,  figure  9. 

The  remains  of  a  single  fruit  of  some  species 
of  Ficus  is  contained  in  the  collections  from 
the  argillaceous  sandstones  of  the  Chalk  Hills, 
La.  It  may  be  characterized  as  foUows: 
Fruit  obovate  in  lateral  view,  circular  in  cross 
section,  with  a  rounded  apex,  tapering  down- 
ward to  the  short  and  thick  pedimcle.  Length 
about  2.5  centimeters;  maximum  diameter  in 
the  upper  part,  about  1.5  centimeters.  Pedun- 
cle about  4  millimeters  in  length.  Outer  sur- 
face rough  with  irregular  longitudinal  ridges. 
Texture  somewhat  leathery. 

This  fruit  clearly  represents  a  small,  semi- 
fleshy  fruit  of  some  species  of  fig,  as  yet  un- 
represented by  foliage,  which  flourished  on 
the  Vicksburg  strand.  It  is  closely  compar- 
able with  the  fruits  of  many  existing  species  of 
figs  and  is  not  unlike  several  fossil  fruits  which 
have  been  described.  As  the  majority  of 
fossil  species  are  based  on  foliage,  which  is 
exceedingly  abundant  in  Tertiary  floras  every- 
where, I  have  not  ventured  to  give  the  present 
form  a  specific  name. 

Occurrence:  Catahoula  sandstone,  Chalk 
Hills  2  miles  south  of  Rosefield,  La. 

Collection:  New  York  Botanical  Garden. 

Order  PBOTSALSS. 

Family  PROTEAGBJE. 
Oenus  EMBOTHBITES  XTxifer. 

Embothrltes  ungeri  Berry,  ju  sp. 

Plate  LV,  fig:ure8 11, 12. 

Seed  unsymmetrical,  roughly  triangular  in 
outline,  somewhat  flattened,  produced  into  a 
conical  point  at  the  chalazal  end,  roxmded 
distad  and  at  the  inner  angle,  where  an  ellip- 
tical hollow  represents  a  depression  made  by 
pressure  of  the  adjacent  seed.  Fruit  evidently 
capsular,  as  indicated  by  the  contour  of  the 
seed,  which  shows  that  the  capsule  contained 
several  closely  packed  seeds.  Seeds  winged. 
Wing  rather  firm,  broad,  abruptly  rounded, 
with  about  20  thin  subparallel  longitudinal 
veins.     Length  of  seed  about  7  millimeters; 


maximum  width  about  3.5  millimeters.  Prox« 
imal  spur  about  1.5  millimeters  long.  Wing 
about  7  millimeters  wide  and  6  millimeters 
long. 

This  distinctive  winged  seed  is  represented 
by  the  single  specimen  figured,  from  which  the 
accompanying  enlarged  drawing  has  been 
made.  Rather  similar  winged  seeds  occur  in 
a  number  of  existing  families.  The  scars  on 
the  specimen  show  that  several  seeds  were 
formed  in  a  dry  fruit — that  is,  a  capsule — and 
the  presence  of  wings  indicates  that  it  was 
dehiscent.  This  serves  to  distinguish  the 
fossil  from  the  samaras  of  the  family  Malpighia- 
ceae,  which  somewhat  resemble  it,  particularly 
some  modem  forms  of  the  genus  Banisteria. 
Several  existing  forms  of  Bombacacesa  and 
Sterculiaceje  also  show  resemblances.  Some- 
what similar  seeds  with  very  much  abbreviated 
wings  have  been  referred  by  Heer  and  others 
to  the  genus  Pterospermites  of  the  family 
StercuUaceae. 

The  genus  Embothrimn  Forster,  which  sug- 
gested the  name  for  the  fossil  genus  to  linger, 
comprises  but  few  existing  species  of  the  South 
American  Andean  region,  ranging  from  Peru 
to  the  Straits  of  Magellan,  and  one  or  two 
species  of  the  mountains  of  tropical  Western 
Australia.  About  a  dozen  fossil  species  from 
the  European  area,  ranging  from  the  upper 
Oligocene  through  the  Miocene,  have  been 
referred  to  the  living  genus.  Nine  or  ten  fossil 
species  have  been  referred  to  Embothrites. 
These  are  slightly  older  than  the  species  re- 
ferred to  Embothrium,  ranging  from  the 
Ligurian  or  Sannoisian  (basal  Oligocene) 
through  the  Oligocene  into  the  Aquitanian, 
which  by  a  number  of  recent  students  is  made 
the  basal  part  of  the  Miocene.  All  these 
species  are  from  the  European  continent,  where 
leaves  and  seeds  are  common,  no  authentic 
representative  having  heretofore  been  discov- 
ered in  North  America,  although  Hollick  ^  has 
described  a  Cretaceous  leaf  under  the  generic 
term  Embothriopsis,  and  Lesquereux'  many 
years  ago  described  a  leaf  from  the  Dakota 
sandstone  of  Kansas  as  Embothrium?  daph- 
neoides.  Neither  of  these  forms  is  very  con- 
vincing evidence  of  the  existence  of  the  ances- 

i  Hollick,  Arthur,  Additions  to  the  paleobotany  of  the  Cretaceous 
formation  on  Long  Island:  New  York  Bot.  Oard.  Bull.,  vol.  8,  p.  150, 
pi.  165,  fig.  1, 1912. 

3  Lesquereux,  Leo,  Contributions  to  the  fossU  flora  of  the  Western 
Territories,  pt.  1,  The  Cretaceous  flora,  p.  87,  pi.  30,  fig.  10, 1874. 
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tors  of  Embothrimn  in  the  Upper  Cretaceous 
flora  of  North  America. 

There  are  three  species  of  seeds  from  the 
Eiiropean  Tertiary  which  especially  resemble 
the  present  seed.  These  are  Emboihrites  aqueu" 
8i8  Saporta/  from  the  Sannoisian  of  southeast- 
em  France;  EmboihrUes  boreale  Unger,*  the  type 
of  the  genus,  an  Aquitanian  form  of  Croatia, 
Styria,  and  especiaUy  Greece,'  and  Emboihrites 
leptospermos  Ettingshausen,*  which  ranges  from 
the  Sannoisian  lignites  of  Tyrol  to  the  Aquita- 
nian brown  coal  of  Styria.  The  last  is  by  far  the 
closest  to  the  American  species  and  is  well  fig- 
lu^ed  in  basal  Oligocene  material  from  Tyrol.* 
The  present  species,  which  differs  from  all  pre- 
viously described  forms  in  the  extent  to  which 
the  proximal  spur  is  developed,  is  named  in 
honor  of  Franz  Unger,  who  first  described  the 
genus. 

Occurrence:  Catahoula  sandstone,  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collection:  New  York  Botanical  Garden. 

Order  &ANALES. 
FamUy  ANOIXACKJE. 
Genus  ANOKA  Linnfi. 

Anona  texana  Berry,  n.  ep. 

Plate  LX,  figure  9. 

Leaves  of  large  size,  broadly  ovate  in  gen- 
eral outline,  with  a  pointed  apex  and  a  rounded 
base.  Length  about  15  or  16  centimeters; 
maximum  width  about  5.25  centimeters  in  the 
lower  half  of  the  leaf.  From  the  region  of 
maximum  width  the  leaf  narrows  upward,  but 
the  tip  is  not  extended.  Margins  entire, 
slightly  undulate.  Texture  presumably  cori- 
aceous, but  as  these  leaves  are  preserved  as  im- 
pressions in  sandstone  this  is  not  certain. 
Petiole  short  and  stout.  Midrib  stout,  promi- 
nent on  the  lower  surface  of  the  leaf.  Second- 
aries of  considerable  size  but  relatively  thin, 
8  to  10  pairs,  irregularly  spaced  and  usu- 
ally remote;  they  diverge  from  the  midrib  at 
varying  angles  from  60°  to  70°  and  are  either 
regularly  curved  or  relatively  straight,  campto- 

1  Saporta,  Qaston  de,  op.  cit.  (Etudes,  etc.)i  vol.  1,  p.  107,  pi.  8,  fig.  8, 
1863. 

*  Unger,  F.  J.,  Die  fossile  Flora  von  Botzka,  p.  41,  pi.  21,  figs.  10-12, 
1850. 

«  Unger,  F.  J.,  Die  fossile  Flora  von  iCumi,  p.  37,  pi.  9,  fig.  23,  1867, 

4  Ettlngshausen,  Constantin,  Die  Proteaceen  der  Vorwelt,  p.  19, 
pi.  2,  figs.  12, 13, 1851. 

» Ettingsbausen,  Constantin,  Die  tertiare  Flora  von  H&ring  in  Tirol, 
p.  51,  pi.  14,  figs.  15-25, 1853. 


drome  in  the  marginal  region.  A  few  trans- 
versely percurrent  tertiaries  are  visible,  but  the 
bulk  of  the  tertiary  venation  ia  obsolete.  This 
is  a  well-marked  species  of  Anona,  somewhat 
resembling  but  entirely  distinct  from  the  vari- 
ous Anona  leaves  so  common  in  the  upper  part 
of  the  middle  Wilcox.  It  is  also  very  similar 
to  several  existing  species  which  are  common 
in  the  American  Tropics. 

Occurrence:  Fayette  sandstone,  three-quar- 
ters of  a  mile  above  the  junction  of  Caney  and 
White  Rock  creeks.  Trinity  County,  Tex. 

Collection:  United  States  National  Museum. 

Order  BOSALES. 

Family  MIMOSACSJE. 

Genus  FITHECOLOBinM  Martins. 

Plthecolobimn  oligocenuin  Berry,  n.  sp. 

Plate  LV,  figure  10. 

Laaves  pinnate,  with  several  pairs  of  oppo- 
site leaflets.  Leaflets  asymmetrio-ovate  in 
outline;  widest  in  the  middle  part,  where  the 
lateral  margins  are  full  and  rounded;  narrow- 
ing rapidly  both  distad  and  proximad  to  form 
the  equally  pointed  apex  and  base;  the  ulti- 
mate point  of  the  former  not  acuminate  but 
bluntly  rounded.  Length  about  2.6  centime- 
ters; maximum  width  about  1.7  centimeters. 
Margins  entire.  Texture  subcoriaceous.  Petio- 
lule  short  and  stout,  about  2  millmieters  in 
length.  Midrib  stout,  curved,  prominent  on 
the  lower  surface  of  the  leaflet.  Secondaries 
stout,  about  five  or  six  subopposite  to  alternate 
pairs,  diverging  from  the  midrib  at  angles  of 
about  50*^,  curving  upward,  camptodrome  in  the 
marginal  region,  prominent  on  the  lower  sur- 
face of  the  leaflet.  Tertiaries  thin  but  well 
marked  in  the  specimens,  the  meshes  being 
exactly  comparable  with  those  of  existing 
species  of  Pithecolobium  with  which  they  have 
been  compared. 

The  genus  Pithecolobium,  which  is  more  or 
less  closely  related  to  the  genus  Inga  of  Willde- 
now,  has  over  100  existing  species,  all  confined 
to  the  Torrid  Zone  and  many  of  them  large 
trees.  Three-fourths  of  the  existing  species 
occur  in  the  American  Tropics,  but  there  are 
over  a  score  in  the  Asiatic  Tropics,  and  a  few 
in  the  African  and  Australian  Tropics.  Up  to 
the  time  of  the  present  studies  the  genus  had 
not  been  recognized  in  the  fossil  state.  There 
are  two  well-marked  species  in   the  Wilcox 
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flora  of  Mississippi  and  northern  Tennessee,  and 
the  present  species  forms  a  link  between  these 
Wilcox  species  and  the  trees  of  the  present-day 
American  Tropics  that  have  very  similar  leaves. 

The  species  is  not  abundant  in  the  rather 
small  collections  from  this  horizon. 

Occtirrence:  Catahoula  sandstone,  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collection:  New  York  Botanical  Garden. 

Order  OEBANIALES. 

FanUly  BUTACEJE. 

Qenus  FAGABA  Llnn6. 

The  genus  Fagara  consists  of  numerous  exist- 
ing species  of  shrubs  and  trees,  over  150  being 
known.  They  are  cosmopolitan  in  tropical  and 
subtropical  countries  and  a  few  range  into  the 
Temperate  Zone,  especially  in  southeastern 
North  America,  where  they  have  been  confused 
with  the  closely  allied  genus  Xanthoxylum 
Linn6.  Fossil  forms  based  on  foliage  are  usu- 
ally referred  toXanthoxylimi,  and  these  number 
about  20  species,  all  of  Tertiary  age,  mostly 
from  the  European  Oligocene.  The  leaves  in 
the  two  genera  are  much  alike,  the  main  dis- 
tinction being  the  absence  of  a  calyx  in 
Xanthoxylum.  This  would  indicate  that  Xan- 
thoxylum is  derived  from  Fagara  by  reduction 
of  floral  parts  and  by  adaptation  to  cooler  cli- 
mates. I  have  elsewhere  expressed  the  opinion 
that  this  evolution  had  not  occurred  in  Eocene 
time,  and  I  have  described  several  species  of 
Figara  from  the  Upper  Cretaceous  and  lower 
and  middle  Eocene  of  the  Mississippi  embay- 
ment.  These  species  appear  to  be  ancestral  to 
the  numerous  representatives  of  this  genus 
found  in  the  lower  Oligocene  of  Louisiana. 
The  more  argillaceous  lenses  in  this  lower 
part  of  the  Vicksburg  limestone  in  central 
Louisiana  are  crowded  with  leaflets  of  the 
Fagara  type,  suggesting  the  lagoons  of  southern 
Florida,  where  calcareous  muds  are  accumulat- 
ing and  in  the  vicinity  of  which  species  of 
Fagara  are  among  the  commonest  of  coastal 
plants,  as  they  are  also  throughout  the  Antilles 
and  in  Central  America  and  northern  South 
America. 

The  Oligocene  material  is  diverse  and  might 
be  differentiated  into  a  score  of  species  or 
described  as  one  species  according  to  the  mental 
attitude  of  the  student.  After  much  study  I 
have  differentiated  four  forms  as  varieties  of  a 


central  type  for  which  the  name  Fagara  caia^ 
houlensis  is  proposed.  They  are  differentiated 
by  characters  which  appear  to  be  constant, 
notwithstanding  the  fact  that  all  are  repre- 
sented by  numerous  specimens.  They  are 
all  more  or  less  inequilateral  glandular  punctate 
leaves,  with  grooved  petiolules  and  a  tendency 
toward  revolute  margins — all  characters  sug- 
gesting the  RutaceaB  and  distinguishing  them 
from  various  genera  of  the  Rhanmacese  with 
which  they  might  otherwise  be  compared. 
Their  punctate  character  is  well  shown  in  some 
of  the  photographs  reproduced  in  the  present 
work. 

Key  to  American  Oligocene  forms  of  Fagara. 

Leaflets  orbicular  or  elliptical.    Secondaries  few,  five 

pairs  or  less Fagara  catafunUensis  orbieulata. 

Leaflets  ovate  or  ovate-lanceolate: 

Twice  as  long  as  wide,  broadest  midway  between  apex 
and  base.    Secondaries  numerous,  more  than  five 

paiis Fagara  catahoulenm  elongata. 

Less  than  twice  as  long  as  wide: 

Secondaries  few,  five  pairs  or  less, 

Fagara  catahoulensis  coriacea. 
Secondaries  numerous,  more  than  five  pairs, 

Faga  catahoiUenns  major. 

Fagara  catahoulensis  orbieulata  Berry,  n.  var. 

Plate  LIX,  figures  1-3. 

Leaflets  glandular  punctate,  of  medium  size 
for  this  genus,  orbicular  or  elliptical  in  general 
outline,  equally  rounded  at  the  apex  and  base. 
Length  from  2.5  to  4  centimeters;  maximum 
width,  midway  between  the  apex  and  the  base, 
from  1.8  to  3.3  centimeters.  Margins  entire. 
Texture  coriaceous.  Petiolule  short,  stout, 
grooved,  curved,  about  3  millimeters  in  length. 
Midrib  stout,  curved  or  flexuous,  prominent  on 
the  lower  surface  of  the  leaflet.  Secondaries 
stout,  prominent  on  the  lower  surface  of  the 
leaflet,  four  or  five  subopposite  to  alternate 
pairs,  diverging  from  the  midrib  at  angles 
ranging  from  65°  in  the  lower  part  of  the  orbic- 
ular leaflets  to  35°  in  the  upper  part  of  some 
of  the  orbicular  leaflets  and  in  the  elliptical 
leaflets;  all  camptodrome,  usually  at  a  consid- 
erable distance  from  the  margin.  Tertiaries 
thin  but  well  marked,  especially  on  the  lower 
surface  of  the  leaflets,  forming  open  irregular 
meshes  that  are  well  shown  in  the  small  ellip- 
tical leaflet  figured.  Areolation  of  thin  but 
distinct  veinlets  forming  minute  quadrangular 
or  polygonal  meshes. 
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This  form  shows  considerable  variation  from 
the  typical  orbicular  leaflet  figm^d,  through  the 
large  leaflet  in  which  the  apex  is  somewhat  as- 
cending, toward  Fagara  catahoulensia  major, 
and  on  the  other  hand  the  elliptical  forms  like 
the  one  figured  approach  Fagara  calahouleTisis 
eUmgata.  These  variants  of  orbiculata  differ 
from  both  of  these  other  forms  in  the  fewer  and 
more  open  secondaries  and  in  their  general  out- 
line, as  is  readily  seen  in  the  photographic  re- 
productions of  some  of  the  specimens.  They 
are  much  less  common  than  any  of  the  associ- 
ated forms  of  Fagara. 

Occurrence:  Catahoula  sandstone,  Chalk 
HiUs,  2  miles  south  of  Rosefield,  La. ;  Fayette 
sandstone,  Stryker,  Tex, 

Collections:  United  States  National  Museum, 
New  York  Botanical  Garden. 

Fagara  caUhoulenais  corlaces  Berry,  n.  yar. 

Plate  LIX,  figures  a-K). 

Leaflets  glandular  punctate,  of  small  size, 
ovate-lanceolate,  and  slightly  inequilateral  in 
general  outline,  with  a  bluntly  pointed  apex 
and  a  broadly  rounded  base.  Length  from 
1.75  to  2.75  centimeters,  averaging  about  2 
centimeters;  maximimi  width,  below  the  mid- 
dle of  the  leaflet,  from  1.2  to  2  centimeters, 
averaging  about  1.4  centimeters.  Margins  en- 
tire, slightly  revolute  in  some  specimens. 
Texture  coriaceous.  Petiolule  very  stout, 
grooved,  curved,  3.5  millimeters  in  length. 
Midrib  stout  and  curved,  prominent  on  the 
lower  surface  of  the  leaflet.  Secondaries  stout 
and  prominent,  four  or  five  mostly  subopposite 
pairs;  they  diverge  from  the  midrib  at  some- 
what irregular  intervals  at  angles  ranging  from 
35°  to  60°,  and  pursue  a  straight  coiurse  halfway 
to  the  margins  where  they  cxirve  upward; 
camptodrom^  in  the  marginal  region.  Ter- 
tiaries  immersed  in  the  leaf  substance. 

This  well-marked  form  is  less  abundant  in 
the  collections  than  elongata  or  major  but  more 
abundant  than  orbiculata.  It  is  much  like 
major  in  general  outline  but  b  broader  nearer 
the  base,  has  fewer  secondaries,  and  averages 
much  smaller  in  size. 

Occurrence:  Catahoula  sandstone,  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collection:  New  York  Botanical  Garden. 


Fagara  catahonlenais  nujor  Berry*  n.  Tar. 

Plato  LIX,  figures  4-7. 

Leaflets  glandular  punctate,  averaging  of 
relatively  large  size,  ovate-lanceolate  and 
slightly  inequilateral  in  outline,  with  an  acutely 
pointed  apex  and  a  rounded  or  broadly  pointed 
base.  Length  from  2.2  to  4.5  centimeters, 
averaging  about  3.5  centimeters;  maximum 
width,  at  or  slightly  below  the  middle,  from  1.5 
to  2.75  centimeters,  averaging  about  2.5  cen- 
timeters. Margins  entire.  Texture  coriaceous. 
Petiolule  stout,  grooved,  about  4.5  millimeters 
in  length,  in  some  specimens  showing  evidence 
of  narrow,  straight  lateral  wings.  Midrib 
stout,  prominent  on  the  lower  surface  of  the 
leaflet.  Secondaries  stout  and  prominent, 
about  six  pairs,  subopposite  below  and  usually 
alternate  above;  they  diverge  from  the  midrib 
at  angles  of  about  45^,  although  there  is  con- 
siderable variation  in  this  feature;  they  are  for 
the  most  part  regularly  curved  upward  and 
subparallel  and  are  camptodrome  in  the  mar- 
ginal region.  Tertiaries  mostly  inmiersed  in 
the  leaf  substance;  a  few  percurrent  ones 
visible. 

This  is  the  most  common  as  well  as  the  larg- 
est form  in  the  collection  and  is  represented  by 
abundant  material.  It  approaches  elongata  on 
the  one  hand  and  coriacea,  as  well  as  some  of  the 
more  elongated  forms  of  orbiculata,  on  the 
other. 

Occurrence:  Catahoula  sandstone.  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collections :  United  States  National  Musemn, 
New  York  Botanical  Garden. 

Fagara  catahoulensia  elongata  Berry,  n.  var. 

Plate  LIX,  figures  11-15. 

Leaflets  glandular  punctate,  averaging  of 
rather  small  size,  narrowly  ovate  and  inequi- 
lateral in  general  outline,  nearly  equally 
pointed  at  the  apex  and  base,  the  apex  some- 
times slightly  more  pointed  than  the  base. 
Length  from  1.6  to  4.25  centimeters,  averaging 
about  2.75  centimeters;  maximum  width,  mid- 
way between  the  apex  and  the  base,  from  1  to 
2  centimeters,  averaging  about  1.4  centimeters. 
Margins  entire,  slightly  revolute.  Texture 
coriaceous.    Petiolule  stout,  grooved,  curved, 
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enlai^d  proximad,  3  to  4  millimeters  in  length. 
Midrib  stout,  usually  curved,  prominent  on  the 
lower  surface  of  the  leaflet.  Secondaries  stout, 
six  or  seven  subopposite  to  alt«mate  pairs,  di- 
verging from  the  midrib  at  angles  of  about  40°, 
subparallel,  oamptodrome  in  the  marginal  re- 
gion. Tertiaries  immersed  in  the  leaf  sub- 
stance. 

This  form  is  more  abundant  than  the  varie- 
ties orbicuUtta  and  (xmaeea,  but  not  as  abundant 
as  Fa^ara  cxUahyulen»is  major.  It  resembles 
some  of  the  forms  of  ortncu^la  as  well  as  some 
of  the  variants  of  major  but  differs  from  both  of 
these  in  its  proportions. 

Occurrence :  Catahoula  sandstone,  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. ;  Fayette 
sandstone,  Stryker,  Tex. 

Collections :  L'nited  States  National  Museum, 
New  York  Botanical  Garden. 

Oidei  KHAHNALZS. 

runilr  RHAHNACKJE. 

aenna  PAUDBUS  Jaialeu. 

PaHiinu  eiUhoiileiiBia  Berry,  n.  gp, 

Plate  LX,  figures  1-1. 

Leaves  of  small  size,  ovate  to  oblong-lanceo- 
late in  general  outline,  with  a  narrowed  and 
acutely  or  blimtly  pointed  tip  and  a  broadly 
rounded,  somewhat  inequilateral  base.     Length 
from  2.5  to  5  centimeters,  averaging  about  3 
centimeters ;  maximum  width,  in  the  lower  half 
of  the  leaf,  from  7  millimeters  to  2  centimeters. 
Margins  entire.     Leaf  substance  thin  but  ap- 
parently of  considerable  consistency.     Petiole 
short,  stout,  and  curved,  about  2  millimeters  in 
leneth.     Midrib   slender,    somewhat   flexuous. 
primaries  thin,  one  on  each  side,  diverg- 
a  the  top  of  the  petiole  and  forming  an 
f  35°  with  the  midrib,  curving  upward 
with  the  lateral  leaf  mai^in  and  becom- 
aUel  with  the  midrib,  extending  above 
die  of  the  leaf,  terminating  by  joining  a 
ry.     Secondaries   thin,    three   or  four 
jsite  to  alternate  pairs  in  the  upper  half 
jaf,  diverging  from  the  midrib  at  angles 
1 50°,  curved  regularly  upward,  campto- 
n  the  marginal  region,     Tertiaries  form- 
1  camptodrome  arches  from  the  outside 
ateral  primaries  in  the  marginal  region; 
ly  they  are  thin,  numerous,  transverse 
tion,  nearly  straight  or  inosculating. 


This  well-marked  species  has  smaller  leaves 
than  the  majority  of  described  fossil  species, 
but  it  may  be  matched  by  several  existing  fonus 
in  this  and  the  aUied  genus  Zizyphus. 

In  the  existing  Sora  Paliurus  is  represented 
by  two  species,  one  confined  to  China  and  Japan 
and  the  other  extending  westward  into  south- 
em  Europe.  About  30  fossil  species  based  on 
both  leaves  and  the  characteristic  fruits  are 
known,  some  of  which  extend  back  in  time  to 
the  middle  Cretaceous.  Zizyphus,  which  in  the 
absence  of  fruiting  specimens  is  not  distinguish- 
able with  certainty  from  Paliurus,  has  about  40 
e.xisting  species  confined  lai^ely  to  the  Indo- 
Malayan  Tropics,  only  a  single  species  occur- 
ring in  the  American  Tropics.  It  has  numer- 
ous fossil  speoies.  Both  genera  are  well  repre- 
sented in  the  Eocene  floras  of  the  Mississippi 
embayment. 

At  the  same  locality  and  horizon  which  fui^ 
nished  the  leaves  a  fragment  of  a  slender  flexu- 
ous  thomed  stem  was  collected.  While  I  real- 
ize that  this  might  belong  to  a  variety  of  uual- 
lied  genera,  its  character  and  association  have 
led  me  to  refer  it  tentatively  to  this  species.  It 
may  he  compared  with  the  almost  identical  re- 
mains from  the  Sannoisian  of  Aix,  in  south- 
eastern France,  which  Saporta'  referred  to 
Paliurua  tenuifolius  Heer. 

Occurrence :  Catahoula  sandstone,  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collection :  New  York  Botanical  Garden. 

Order  ICTBTALES. 

Tamllr  HTBTACKX. 

Oenns  HYBCIA  Se  Cuidtdle. 

Myrda  cauhonleiula  Berry,  n.  sp. 

Plate  LX,  figures  5,  6. 

Leaves  of  small  size,  linear-lanceolate,  and 
often  somewhat  falcate  in  general  outline, 
with  a  gradually  narrowed  and  acuminate 
apex  and  a  similarly  pointed  base.  Length 
from  4.5  to  7  centimeters;  maximum  width, 
in  the  middle  part  of  the  leaf,  5  millimeters  to 
1 . 1  centimeters.  Margins  entire.  Textiu-e  cori- 
aceous. Petiole  missing.  Midrib  stout,  some- 
what prominent  on  the  lower  surface  of  the 
leaf.  Secondaries  thin,  immersed  in  the  sub- 
stance of  the  leaf  and  seen  only  with  difliculty, 

I  Saporta,  Outon  de.  op.  cit.  (Etudes,  etc.),  vol.  3,  mppL  1,  p.  K, 
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their  tips  joined  by  an  aerodrome  marginal  vein 
on  each  side  close  to  the  margin  and,  like  the 
secondaries,  nearly  obsolete  by  immersion  in 
the  leaf  substance. 

This  species  is  represented  by  several  frag- 
mentary specimens  in  the  Chalk  Hills  collec- 
tion, two  of  which,  showing  the  extremes  of 
size,  are  figured.  The  oldest  beds  in  which 
the  genus  has  been  definitely  recognized  are 
those  of  the  Wilcox  group,  but  it  is  probably 
represented  in  Upper  Cretaceous  floras  by 
some  of  the  forms  referred  to  the  genus  Euca- 
lyptus. It  is  an  abimdant  element  in  the  Wil- 
cox flora,  being  represented  by  four  described 
species,  among  which  Myrda  bentonensis  Berry, 
a  form  found  along  the  shores  of  the  Mississippi 
embayment  from  central  Arkansas  to  northern 
Mississippi,  is  most  like  the  present  species. 
It  is,  however,  always  larger,  usually  much 
larger,  and  is  more  obtusely  pointed. 

The  genus  Myrcia  is  the  most  varied  existing 
American  genus  of  the  Myrtacese,  having  more 
than  400  tropical  species,  massed  in  northern 
South  America,  but  extending  southward  to  Uru- 
guay and  Chile  and  northward  through  the  West 
Indies.  The  present  fossil  form  may  be  com- 
pared with  a  number  of  still-existing  American 
species,  and  it  is  evident  that  the  genus  was 
present  in  the  flora  of  tropical  and  subtropical 
America  from  the  dawn  of  the  Eocene  down  to 
the  present  time,  invariably  extending  its 
range  northward  over  southeastern  North 
America  whenever  the  climatic  conditions 
were  favorable. 

Occurrence:  Catahoula  sandstone.  Chalk 
Hills,  2  miles  south  of  Rosefield,  La. 

Collections:  United  States  National  Museum, 
New  York  Botanical  Garden. 

Order  EBZKALES. 

FamUy  SAPOTACSJE. 

OenuB  BXTMSLIA  Swaztz. 

Bnmelia  Ticksburgensis  Berry,  n*  q^. 

Plate  LX,  figure  7. 

Leaves  of  small  size,  elliptical,  almost 
orbicular  in  general  outline,  with  an  emaiginate 
tip  and  a  broadly  rounded  base.  Length 
about  1.2  centimeters;  maximiun  width,  at  a 
point  about  midway  between  the  apex  and 
the  base,  about  1  centimeter.  Margins  entire, 
inclined  to  be  slightly  revolute.  Texture  very 
coriaceous.  Petiole  wanting.  Midrib  stout, 
slightly  curved.     Secondaries  thin,  immersed 


in  the  leaf  substance,  four  or  five  pairs,  diverg- 
ing from  the  midrib  at  wide  angles  and  campto- 
drome  in  the  marginal  region.  Tertiaries 
completely  immersed. 

The  present  species  is  small  for  this  genus 
and  superficially  resembles  various  leguminous 
leaflets  such  as  those  of  the  genera  Dalbergia 
and  Colutea. 

The  genus  Bimielia  is  confined  to  America  in 
the  existing  flora  and  comprises  about  20 
species  scattered  from  the  southern  United 
States  through  the  West  Indies  and  Central 
America  to  Brazil.  Its  geologic  histoiy  ranges 
from  the  Upper  Cretaceous  to  the  present  and 
although  it  is  exclusively  American  in  the 
Recent  flora  it  is  well  represented  in  the 
European  Tertiary.  There  are  four  well- 
marked  species  in  the  flora  of  the  Wilcox 
group,  one  of  which,  Bumelia  psevdoTiarrida 
Berry,  is  very  similar  to  the  present  species. 
Among  recent  species  Bumelia  Jiorrida  Grise- 
bach,  of  the  West  Indies,  is  close  to  the  present 
species,  its  chief  difference  being  the  possession 
of  a  petiole. 

Occurrence:  Catahoula  sandstone.  Chalk  Hills, 
2  miles  south  of  Rosefield,  La. 

Collection:  New  York  Botanical  Garden. 

Oexiiii  CABPOLITHTTS  Stokes  and  Webb. 
CarpoliUms  bumeliafonnis  Berry,  n.  sp. 

Plate  LX,  figure  8. 

Fruit  oblate-spheroidal,  nearly  globose,  about 
7.5  millimeters  in  maximum  diameter  (length) 
and  5.75  millimeters  in  minimum  diameter. 
Seed  large,  nearly  globose,  crustaceous;  flesh 
thin  and  dry. 

The  present  species  is  based  on  only  a  few 
specimens  which  agree  remarkably  well  with 
the  fallen  fruits  of  those  of  our  American 
species  of  Bumelia  that  have  dry  instead  of 
fleshy  fruits. 

The  genus  BiuneUa  is  a  prominent  element 
in  the  earher  Tertiary  floras  of  southeastern 
North  America,  the  leaves  of  one  species  being 
associated  with  the  present  fruits.  As  the 
nature  of  the  remains  precludes  certainty  of 
identification  I  have  referred  these  fruits  to  the 
convenient  form  genus  Carpohthus  and  have 
emphasized  their  supposed  botanic  affinity  in 
the  specific  name. 

Occurrence :  Catahoula  sandstone.  Chalk  Hills, 
2  miles  south  of  Rosefield,  La. 

Collection:  New  York  Botanical  Garden. 
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PLATE  LV. 

Page. 

Figure  1.  Cupressites  sudworthi  Berry.    Chalk  Hills,  La 232 

2.  PestalozzUes  minor  Berry.    Chalk  Hills,  La 230 

3, 4.  Lygodium  mmisnppiensis  Berry.    Near  King,  Miss 231 

5-8.  Acrostichum  smithi  Berry.    Near  King,  Miss 231 

9.  Ficus  sp.,  remains  of  fruit.    Chalk  Hills,  La 238 

10.  Pithecolobium  oligocamum  Berry.     Chalk  Hills,  La 239 

11, 12.  Embotkrites  ungeri  Berry.    Chalk  Hills,  La.    Figure  12  enlarged  four  times .- 238 

All  from  Catahoula  sandstone. 
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PLATE  LVI. 

Page. 
Figures  1,  2.    Palmoxylan  lexeme  Stenzel.    Near  Jasper,  Tex.    Figure  1,  natural  size;  figure  2,  transverse 

section,  enlarged  10  times.    From  Catahoula  sandstone 235 
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PLATE  LVII. 

Figure  1.  Palmoxylon  lacunomm  (Unger)  Felix.    Near  Pollock,   La.    Fibrovascular  bundle;  enlazged  50 

times 236 

2-5.  Palmoxylon  remotum  Stenzel.    Five  miles  north  of  Wa3me8boro,  Mias.    Showing  variations  in 

bundles;  enlarged  25  times 236 

All  from  Catahoula  sandstone. 
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PLATE  LVIII. 


Page. 


Figures  1,  2.  Palmoxylon  lacunoaum  (linger)  Felix.  Near  Pollock,  La.  Figure  1,  auxiliary  bundle;  en- 
larged 50  times.  Its  sharp  boundary  is  due  to  the  manner  in  which  the  negative  has  been 
retouched  and  is  not  diown  by  the  material.  Figure  2,  transverse  section  of  primary  bundle; 
enlarged  50  times.    Fibm  Catahoula  sandstone 236 
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Page. 

FiouKES  1-3.  Fagara  catahoulensis  orbiculata  Berry 240 

4-7.  Fagara  catahoulensis  major  Berry 241 

8-10.  Fagara  catahoulensis  coriacea  Berry 241 

11-15.  Fagara  catahoulensis  elongata  Berry 241 

All  from  Catahoula  sandstone  at  Chalk  Hills,  La. 
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PLATE  LX. 

Page. 

Figures  1-4.  Paliurus  catahouUnsis  Berry 242 

5,  6.  Myrcia  catahotilensis  Berry 242 

7.  Bumelia  vicksburgensis  Berry 243 

8.  Carpolithus  humelia/omm  Berry 243 

Figures  1  to  8  from  Catahoula  sandstone,  Chalk  Hills,  La. 

9.  Anona  texana  Berry.     Fayette  sandstone  of  Trinity  County,  Tex 239 
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MECHANICS  OF  THE  PANAMA  CANAL  SLIDES. 


By  George  F.  Beckeb. 


PREFATORY  NOTE. 

ByGisoRos  Ons  Smith. 

This  geophysical  study  of  the  Panama  Canal 
slides  is  now  presented  for  the  reasons  set  forth 
in  the  following  letter  of  transmittal: 

The  DiREcroB. 
Sib: 

I  have  the  honor  to  tranfimit  herewith  a  paper  on  the 
mechanics  of  the  Panama  Canal  slides.  It  was  prepared 
as  a  contribution  to  the  report  of  the  committee  of  the 
National  Academy  of  Sciences  on  the  Panama  Canal  slides, 
appointed  at  the  instance  of  the  President  of  the  United 
States. 

As  some  delay  is  anticipated  in  completing  the  full  re- 
port, this  chapter  is  now  submitted  for  publication  with 
the  sanction  of  President  C.  R.  Van  Hise,  chairman  of  the 
committee. 

Very  truly,  yours, 

Geoboe  F.  Becker. 

Dr.  Becker  visited  the  Canal  Zone  in  1913  as 
a  geologist  of  the  United  States  Geological 
Survey  and  since  that  time  has  given  the  prob- 
lem the  benefit  of  his  study.  His  appointment 
as  a  member  of  the  committee  of  the  National 
Academy  of  Sciences  has  made  it  appropriate 
for  his  conclusions,  based  upon  his  personal 
observations  and  already  reported  in  part  to 
the  Canal  Commission,  to  be  stated  for  the 
benefit  of  his  associates  and  other  American 
scientists  and  engineers. 

OBSERVATIONS  ON  THE  SUDES. 

Early  in  1913,  before  water  was  admitted,  I 
spent  some  weeks  in  examining  the  geology 
of  the  Culebra  Cut,  now  officially  known  as  the 
Gaillard  Cut,  with  special  reference  to  the  origin 
of  the  landslides.^  These  appear  to  me  to  be 
of  two  kinds — mere  superficial  slips  on  joint 
planes  or  other  slippery  surfaces  and  deeper- 
seated  "breaks,"  as  they  are  known  by  the 

>  I  had  the  great  advantage  of  Mr.  Donald  MacDooald's  companion- 
ahi^  throughout  these  field  studies. 


engineers.  It  is  only  with  the  latter  that  this 
paper  is  concerned. 

The  breaks  in  their  inception  are  marked  on 
comparatively  level  banks  by  groups  of  cracks 
or  narrow  fissures  nearly  parallel  to  the  cut, 
and  these  almost  inmaediately  develop  into 
series  of  step  faults  with  small  throws,  many  of 
them  only  a  fraction  of  an  inch  in  height,  the 
hade  where  not  vertical  being  invariably  to- 
ward the  canal  so  far  as  I  could  observe.'  Many 
of  the  steps  of  these  faults  are  only  a  yard  or 
two  in  width.  There  seems  little  order  in  the 
time  of  formation  of  the  cracks;  in  some  breaks 
groups  of  small  faults  first  appear  rather  close 
to  the  cut,  those  at  a  greater  distance  from  it 
developing  later.  In  others  the  earliest  cracks 
are  hundreds  of  feet  from  the  canal  and  the 
intermediate  ground  splits  up  afterward.  In 
all  the  breaks  which  I  could  examine  the  first 
small  movements  involved  no  perceptible  gap- 
ing, or  none  of  the  same  order  of  magnitude  as 
the  throws  of  the  faults.  At  or  about  the  same 
time  as  the  cracks  on  the  bank  were  formed 
nearly  horizontal  cracks  also  appeared  in  the 
cut  near  the  bottom  of  the  bank,  but  which 
of  these  were  the  earlier  it  seemed  impossible 
to  decide. 

After  a  break  has  made  a  fair  start  the  cracks 
more  remote  from  the  cut  gape  and  show  under- 
lying curved  surfaces  which  reach  the  general 
level  of  the  top  of  the  bank  nearly  at  right 
angles  or  crop  out  almost  vertically,  and  at  the 
outcrop  the  vertical  cross  section  of  such  a 
surface  shows  a  very  moderate  radius  of  curva- 
ture. The  surfaces  of  rupture  are  fairly 
smooth,  many  of  them  slickensUded  a  little 

s  Mr.  MacDonald  records  that "  some  of  the  blocks  sank  a  little  in  front 
and  toted  up  tn  the  rear,  so  that  they  were  a  yard  above  the  front  part 
of  the  block  behind.''  This  behavior  was  unusual,  and  I  saw  no  in- 
stances of  it.  Local  inhomogeneities  in  the  bank  might  perhaps  bring 
about  irregularities  in  surfaces  of  rupture  which  would  account  for  excep> 
tional  throws  of  2  or  3  feet.  Ko  other  suggestion  on  this  subject  occurs 
to  me. 
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below  the  outcrop,  but  not  smooth  enough  to 
make  accurate  measurements  of  their  radii  of 
curvature  practicable.  As  nearly  as  I  could 
discover  these  radii  measured  between  100  and 
200  feet.  Where  these  underlying  surfaces  are 
exposed  to  a  considerable  extent  it  is  apparent 
that  the  radii  of  curvature  increase  rapidly 
with  increasing  depth,  and  some  exposures 
from  which  disintegrated  material  had  been 
removed  appeared  to  prove  that  as  the  cut  is 
approached  the  radius  of  curvature  becomes 
very  lai^e  indeed. 

Movement  of  the  slides  perhaps  never  en- 
tirely ceases,  but  it  varies  greatly  in  velocity, 
from  a  fraction  of  an  inch  a  day  to  many  yards. 
After  considerable  motion  has  taken  place  the 
sheets  of  rock  are  broken  up  and  the  external 
surface  of  the  sUde  becomes  as  rough  as  a 
choppy  sea. 

A  certain  amount  of  consolidation  and  of 
what  might  be  called  secondary  cohesion  some- 
times occurs  in  a  slowly  moving  slide  of  large 
dimensions  after  the  material  has  been  reduced 
to  a  chaotic  condition.  In  such  cases  well- 
developed  curved  surfaces  of  rupture  and  step 
faults  form,  indistinguishable  in  general  chai> 
acter  from  the  initial  disturbances  in  the  solid 
bank.  This  surprising  fact  indicates  that 
definite  mechanical  laws  of  wide  applicability 
imderlie  the  formation  of  slides.  I  was  witness 
to  these  phenomena  in  the  Cucaracha  slide, 
and  they  have  made  their  appearance  in  other 
and  more  recent  breaks. 

During  the  progress  of  a  large  slide  upheaval 
of  the  bottom  of  the  canal  may  take  place  from 
time  to  time,  showing  that  deformation  of  the 
rocks  extends  to  a  certain  depth  below  the 
deepest  excavation;  but  this  upheaval  does  not 
attend  every  spasm  of  activity  in  the  slide, 
nor  does  the  amount  of  material  thrust  up  in- 
dicate that  deformation  extends  more  than  a 
few  yards  beneath  the  bottom  of  the  canal. 
A  layer  of  rock  say  a  hundred  feet  in  width, 
buckled  by  nearly  horizontal  pressure,  would 
show,  even  if  it  were  only  a  couple  of  yards  in 
thickness,  mounds  of  rubble  as  much  as  20  or 
30  feet  in  height,  or  of  the  order  of  magnitude 
of  the  observed  upthrusts. 

LIMITING  DEPTH  OF  DISTURBANCE. 

To  simpUfy  the  mechanical  problem  as  much 
as  possible,  suppose  the  case  of  a  level  plain 
underlain  to  a  great  depth  by  an  ideally  ho- 


mogeneous rock.  At  any  depth  in  this  rock 
the  pressure  will  be  hydrostatic  and  equal  to 
the  depth  multiplied  by  the  density.  Suppose 
a  narrow  trench  to  be  sunk  vertically  in  this 
rock,  the  width  being  so  small  that  caving  of 
the  sides  can  be  prevented  by  mine  timbering. 
Then,  because  of  the  one-sided  rehef  of  pressure 
there  wiU  be  at  the  bottom  of  the  cut  a  hori- 
zontal stress,  directed  from  the  wall  into  the 
cut,  which  is  equal  to  the  product  of  the  depth 
and  the  density.  This  stress  will  tend  to  pro- 
duce a  horizontal  shear  and  to  drive  the  bot- 
tom of  the  wall  into  the  cut.  If  the  cut  is 
simk  deep  enough,  so  deep  that  the  stress  is 
equal  to  the  resistance  of  the  rock  to  simple 
shearing  stress  at  the  elastic  limit,  this  defor- 
mation will  occur  and  the  wall  will  bulge. 

This  seems  a  rather  hasty  statement,  but  in 
the  last  section  of  this  paper  the  strains  are 
considered  in  detail;  it  is  there  shown  that  the 
elastic  limit  for  simple  ^ear  would  be  reached 
long  before  the  limit  for  mere  linear  compres- 
sion, and  that  of  all  elementary  resistances  that 
resistance  which  opposes  stress  such  as  is  ex- 
erted by  a  pair  of  scissors  is  the  weakest. 

Let  the  limiting  depth  at  which  this  one 
species  of  flow  makes  its  appearance  be  denoted 
^7  Vv  so  that  if  p  is  the  density  the  hydro- 
static pressure  is  /m/^,  which  is  also  the  value 
of  the  shearing  stress. 

CONDmONS  IN  A  WTOE  CUT. 

The  hypothesis  of  a  narrow  timbered  cut 
was  employed  in  finding  the  limiting  depth,  y^, 
in  order  to  avoid  the  complication  of  a  caving 
bank.  Let  a  wide  cut  be  substituted,  one  a 
mile  wide  if  the  reader  chooses,  but  let  the  bank 
be  vertical.  Then  even  before  the  depth  y^  is 
attained  any  real  rock  wall  would  break  down 
or  cave.  But  imagine  for  a  moment  the  rock 
replaced  by  a  substance  so  tough  that,  though 
it  would  xmdergo  permanent  deformation  at  the 
same  limit  as  the  rock,  it  would  hang  on  long 
enough  to  be  studied.  A  ductile  substance, 
such  as  wrought  iron,  would  act  in  this  way. 

Consider  a  surface  of  uniform  deformation 
nearly  as  deep  as  y^  and  extending  into  the 
wall.  This  surface  will  surely  not  be  horizon- 
tal, for  such  a  strain  would  imply  the  expendi- 
ture of  an  infinite  amoxmt  of  energy. 

Before  caving  can  take  place  in  a  homogene- 
ous bank  the  material  of  the  bank  must  be 
strained  to  its  elastic  limit.    The  vertical  cross 
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section  of  the  bank  must  therefore  include  a 
line  along  which  the  strain  is  uniform.  This 
line  must  reach  the  top  of  the  bank  somewhere, 
and  it  may  be  assumed  that  the  line  is  curved, 
because  that  is  a  far  more  general  hypothesis 
than  that  it  is  straight,  besides  being  in  har- 
mony with  observation. 

In  fig.  22  OBC  represents  the  bank  and 
ABOD  a  part  of  the  cut.  The  x  axis,  or  OX,  is 
taken  at  a  depth  y<^  from  the  original  surface, 
and  EC  is  a  curved  line  along  which  the  shearing 
stress  is  uniform.  The  problem  is  to  find  its 
equation. 

At  any  point  the  original  hydrostatic  pressure 
was  (j/i  — t/)p,  but  excavation  of  the  cut,  having 
disturbed  the  original  equiUbrium  and  brought 
about  strain  reaching  the  elastic  limit,  has 
developed  a  shearing  stress  which  is  equal  to 


Y 

I 

I 
I 


I 


A. 


FiouRE  22.— Carve  of  unifoim  tangential  strain. 

(yi~"2/)p  per  unit  length  and  which  is  of  itself 
inadequate  to  cause  flow.  But  there  is  another 
manifestation  of  stress  to  be  considered.  The 
shearing  stress  is  equivalent  to  a  tension  in  the 
direction  of  the  curve,  say  T  per  unit  length. 
Let  if  be  the  angle  which  the  tangent  to  the 
curve  makes  at  x\j\  let  6^  be  an  elementary 
angle  and  hs  a  corresponding  arc.  Then  ele- 
mentary mechanics  shows  that  the  tension,  T, 
acting  along  the  arc  hs  is  equivalent  to  a 
normal  pressure  ^  T5^. 

It  has  already  been  explained  that  pxjx  per 
unit  length  is  the  shearing  stress  needful  to 
strain  the  mass  to  its  elastic  Umit  for  simple 
shear.  Hence  if  stress  of  this  intensity  is  to  be 
set  up  along  the  curve  EC  the  following  equa- 
tion must  hold  good:  7^  i  'A  ^  v  \ 

or,  more  briefly, 

P     ^^ 

iSee  Talt,  P.  O.,  Properties  of  matter,  p.  253,  1894;  or  Lamb,  H., 
Statics,  p.  276, 1912. 


'f>^S 


Here  5«/5^  is  the  radius  of  curvature,  say  i?, 
while  jT/p  is  a  constant  characteristic  of  the 
material  and  essentially  positive.  It  may 
therefore  be  replaced  by  h^^  and  then 

which  is  the  most  general  equation  of  the 
elastic  curve. 

Replacing  R  by  its  value  in  terms  of  iylix 
and  d^yjio^  and  integrating  once  gives 


y^=-C-2¥  cos^: 


(1) 


where  C  is  a  constant  of  integration.  The 
form  of  the  curve  depends  on  the  value  of  C. 
For  the  present  problem  it  is  evident  that  the 
ciu-ve  can  not  cross  the  x  axis  and  that  y  can  not 
become  negative,  so  that  C  must  equal  or  ex- 
ceed 26^.  It  is  easily  proved  that  if  C=  26^  the 
equation  represents  a  curve  coinciding  with  the 
X  axis  for  an  infinite  distance.  This  is  not  a 
case  to  be  considered,  and  therefore  C>2b^. 
The  equation  then  represents  the  elastic  curve 
of  Euler's  eighth  class,  a  diagram  of  which  is 
given  in  Thomson  and  Tait's  ''Natural  philos- 
ophy,'' §  611,  figiu'e  7. 

For  some  purposes  equation  (1)  is  conven- 
ient enough.  Thus  if  the  ordinate  of  the  point 
at  which  the  tangent  of  the  curve  is  vertical  is 
called  yv,  then  C=yy^;  while  if  the  ordinate  at 
the  point  where  the  tangent  is  horizontal  is  1/09 
then  yo^ = j/v^  —  26*.  But  values  of  the  abscissae 
are  not  so  simple. 

It  is  needless  to  say  that  the  geometry  of  the 
elastic  cmn/^e  has  been  thoroughly  known  for  a 
century  and  that  this  is  no  place  to  expound 
the  subject.  A  few  results,  however,  must  be 
set  down.    By  substituting 


=  25>(|-l) 


^  =  2^-7r;  C 


where  ^  is  a  variable  angle  and  Jc  is  the  sine  of 
a  constant  angle,  it  will  be  found  that 


26 


y  =  yVl~^  sinV 


(2) 


Then  also 


dx  =  cot  ^dy  =  cot  2(pdy (2a) 


and  X  takes  the  form  of  an  elliptic  integral. 

For  purely  practical  reasons  (the  scope  of 
tables  of  elliptic  integrals)  it  is  convenient  to 
reckon  x  negatively,  or  to  the  left  of  the  origin 
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in  figure  23.    Then,  in  the  conventional  termi- 
nology of  these  integrals/ 


"F=G-*)(^-^(M~t"l^"^^*'^^ 


-(3) 


If,  for  example,  the  horizontal  distance  from 
the  origin  to  the  vertical  tangent  of  the  curve 
is  required,  ^  =  —  ir/2  and  ^ = t/4,  and  the  value 
of  X  can  be  computed  from  tables  of  eUiptio  in- 
t^rals.  Because  of  symmetry,  positive  values 
of  X  have  the  same  absolute  value  as  negative 
values.' 

The  element  of  area  of  the  curve,  ydz,  is 
independent  of  Jc: 


ydx  =  46*  (sin*^ — _)  d^ = J»  cos  ^d^ 


so  that 


f' 


ydx  =  ¥  sin  ^ (4) 


a  result  which  can  be  found  directly  from  (1) 
and  (2a). 

The  length  of  the  curve  counted  from  the 
horizontal  point  is  given  by 


8 


-l^Tc{K' F  (Jc,^)) 


(5) 


and  8lh  is  thus  simply  proportional  to  the  first 
part  of  the  value  for  —  x/6. 

It  should  be  remarked  that  2^  is  an  absolute 
constant  dependent  only  on  the  density  and 
tenacity  of  the  rock,  so  that  geometrically  h  is 
the  unit  in  which  lengths  are  computed  and  6* 
the  unit  area.  On  the  other  hand,  Tc  varies 
from  curve  to  curve  of  a  family  of  curves,  all 
of  which  share  a  common  value  of  6,  but  as  k 
is  the  sine  of  an  angle  it  can  not  exceed  unity. 

LIMITING  VALUES  OP  k. 

It  has  already  been  pointed  out  that  if 
(7=  26'  the  elastic  curve  is  a  horizontal  straight 
line  coinciding  with  the  x  axis.  The  same 
equality  implies  that  Tc  is  unity,  and  therefore, 
for  the  problem  under  discussion,  Tc  must  al- 
ways be  the  sine  of  an  angle  less  than  ir/2.     It 

1  For  the  meaning  of  the  symbols  in  equation  (3),  see  for  example 
Peiroe's  "Short  table  of  integrals." 

s  Equation  (3)  is  substantially  identical  with  that  given  by  Lamb 
(Statics,  p.  279),  who,  however,  takes  the  origin  at  a  different  point, 
making  z  and  ^  disappear  together,  so  that  the  y  axis  includes  the  maxi- 
mum value  of  y.  In  (3)  the  origin  is  so  transposed  that  x  and  ^  disap- 
pear together,  so  that,  as  required  for  the  problem  in  liand,  the  y  axis 
passes  through  the  minimum  value  of  y,  or  the  point  for  which  ^-■ir/2. 


is  equally  evident  that  Tc  can  not  vanish,  for 
were  it  to  do  so  the  curve  would  intercept  the 
vertical  axis  at  an  infinite  distance.  There  are 
other  reasons  for  supposing  that  Ic  can  not  be 
very  small,  and  these  can  be  very  briefly  stated. 
In  this  discussion  it  has  not  been  needful  to 
consider  any  strains  except  those  at  the  elastic 
limit,  but  the  general  theory  of  elastic  strains 
shows  that  at  the  edge  of  a  vertical  cliff  or 
bank  there  will  be  no  strain  at  all,  and  for 
some  distance  from  such  an  edge  the  strains 
will  be  exceedingly  small.  Hence  strains  reach- 
ing the  elastic  limit  are  not  to  be  considered 
near  this  edge.  It  might  be  possible,  but  it 
would  not  be  worth  while,  to  determine  how 
near  to  this  edge  the  elastic  limit  could  be 
reached. 

On  the  other  hand,  it  is  very  important  to 
consider  how  far  back  a  curve  of  critical  shear 
can  reach,  and  this  I  believe  to  be  a  simple 
problem.  From  the  manner  in  which  the  equa- 
tion of  the  elastic  curve  was  derived  it  is  appar- 
ent that  the  pressure  due  to  tension  is  a  second- 
ary phenomenon  due  to  elastic  strain.  It  is 
unthinkable  that  this  part  of  the  pressure 
should  exceed  the  whole  pressure  requisite  to 
produce  flow.  But  when  the  curve  crops  out 
on  the  bank  at  90^  to  the  horizontal,  the  pres- 
sure due  to  tension  at  the  outcrop  exactly 
equals  the  critical  tension,  y^p.  Hence  for  a 
given  value  of  y^  the  lowest  possible  curve  is 
that  which  intersects  the  level  bank  at  right 
angles.  From  this  condition  the  maximum 
value  of  Tc  can  be  determined. 

EXAMPLES  OF  SLIDE  CURVES. 

In  order  to  illustrate  conditions  resembling, 
to  a  first  approximation,  those  met  with  in  the 
Culebra  Cut,  I  have  computed  a  few  values  of 
the  more  important  elements  of  the  curves,  and 
these  are  tabulated  below.  It  is  easy  to  see 
that  only  relatively  large  values  of  A: = sin  a  are 
of  interest  and  I  have  begun  with  a=  75°. 
Taking  x^  as  the  abscissa  of  the  vertical  tan^ 
gent,  it  is  found  from  equation  (3),  while  if  y©  is 
the  value  of  the  ordinate  for  x  =  o,  yjh  =  2  cot  a. 
Then  i/iV6' = y^^jH^  +  2.  The  fundamental  rela- 
tion ylh  =  hIR  makes  it  easy  to  find  the  radii  of 
curvature  answering  to  Xiy^  and  Zoyo*  For  the 
piu*pose  of  the  diagram  it  is  not  requisite  to 
compute  other  points;  after  describing  an  arc 
at  the  axis  of  symmetry  with  B^jh  and  a  second 
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arc  at  Xiyi  with  Rt/h,  the  two  can  be  connected 
without  serious  error  by  the  help  of  a  curved 
ruler. 

Paints  on  the  elastic  curve. 


RJb 


Bin  75** 
aiziSO'' 
fldnSS^ 
8m89<' 
8in90« 


Xilb 

yjh 

Vilh 

RJb 

L3411 

0.5358 

L512 

1.866 

1. 7094 

.3526 

L458 

2.836 

2. 3728 

.1750 

1.425 

5.714 

3.9690 

.0350 

1.415 

28. 570 

00 

0 

1.414 

00 

0.661 
.686 
.702 
.707 
.707 


To  estimate  an  appropriate  value  for  &  it  is 
requisite  to  adopt  some  value  for  the  resistance 
of  the  rock  either  to  shearing  stress  or  to  crush- 
ing. The  ultimate  resistance  to  crushing  of 
such  materials  as  soft-burned  brick,  inferior 
concrete,  and  the  poorest  sandstones  is  some- 
what less  than  3,000  pounds  per  square  inch. 


FiousE  23.— Elastic  carve  for  a-75*,  80%  85',  89* 


The  Cucaracha  formation  is  probably  of  similar 
strength,  and  I  will  assume  its  resistance  to  be 
2,760  poimds.  In  the  concluding  section  of 
thisj)aper  reasons  are  given  for  supposing  that 
6-^2  times  the  resistance  to  shear  is  about 
equal  to  the  resistance  to  crushing,  and  this 
impUes  that  for  the  Cucaracha  the  resistance  to 
shear  is  325  pounds  per  square  inch.  This  is 
the  weight  of  a  column  of  rock  of  a  density  2.5 
times  that  of  water  and  300  feet  high. 

If  the  curve  for  which  a  =  89°  is  selected  and 
a/i  is  taken  as  300  f oet, 


62  = 


Vi 


=  44,972;   6  =  212 


2(1+2  cot^a) 

By  multiplying  all  the  lengths  given  in  the  table 
by  212  a  consistent  set  of  values  is  obtained. 

In  the  diagram  (fig.  23)  the  height  of  the 
bank  above  the  x  axis  is  taken  as  300  feet  and 
the  curve  for  a  =  89°  cuts  it  perpendicularly 
at  a  distance  of  841  feet  from  the  y  axis.    The 


curves  for  smaller  values  of  a  give  larger  values 
for  y^  and  therefore  cut  the  300-foot  level  at 
acute  angles. 

According  to  the  theory  here  set  forth,  a  limit 
is  set  to  the  vertical  height  of  a  cliff  or  of  any 
rock.  Results  obtained  by  the  United  States 
Geological  Survey  indicate  that  granites  show 
resistances  up  to  34,000  pounds  per  square 
inch,  which  woidd  correspond  to  a  cliff  3,700 
feet  high.  The  brow  of  El  Capitan,  in  the 
Yosemite  Valley,  stands  3,100  feet  above  the 
valley,  but  the  top  of  the  dome,  some  2,000 
feet  back  from  the  brow,  is  about  500  feet 
higher. 

HYDROSTATIC  ANALOGY. 

If  two  rectangular  blocks  of  very  clean  glass 
are  placed  in  a  dish,  parallel  to  one  another, 
and  if  water  is  added  xmtil  the  faces  of  the 
blocks  nearest  together  are  wet  to  the  top  in 
consequence  of  capillarity,  then  the  vertical 
cross  section  of  the  water  surface  between  the 
blocks  is  the  elastic  curve  represented  by 
equations  (2)  and  (3) ;  the  height  of  the  blocks 
above  the  general  water  level  is  given  by  yjb, 
and  the  amoimt  of  water  raised  above  this  level 
by  capillarity  or  surface  tension  is  b^  per  unit 
length  for  each  wall  of  the  channel  between 
the  blocks.  If  the  surface  tension  is  T  and 
the  density  is  p  then  Tjp^V. 

This  system  is  in  stable  equilibrium,  the 
surface  of  the  water  is  minimal  for  the  bound- 
ary conditions,  and,  as  the  equilibrium  is  stable, 
the  gravitational  potential  is  a  minimum. 
The  whole  system  may  be  supposed  solidified 
without  disturbance  of  equilibrium.  One-half 
of  this  model,  to  the  right  or  the  left  of  the 
point  at  which  the  capillary  curve  is  lowest, 
represents  the  mass  beneath  a  shde  on  the 
Culebra  Cut.  The  whole  model  represents  the 
shde  surfaces  as  they  would  be  were  the  cut 
extremely  narrow,  provided  that  the  material 
sUding  in  were  removed  as  fast  as  it  came  until 
the  shdes^' died.'' 

This  very  perfect  analogy  and  the  theory  of 
this  paper  seem  to  me  to  show  that  the  profile 
of  the  bed  or  bottom  of  a  straight  watercourse 
or  river,  flowing  through  a  homogeneous 
stretch  of  countiy,  must  tend  to  approach  the 
elastic  curve,  and  that  this  profile  is  also  most 
suitable  for  a  canal. 
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FORMATION  OF  RUPTURES. 

Thus  far  the  discussion  has  been  limited  to 
conditions  appropriate  to  incipient  flow;  the 
rock  has  been  supposed  strained  to  its  elastic 
limit;  but  short  of  the  point  of  rupture.  In 
such  materials  as  rocks,  which  are  to  be  classi- 
fied as  brittle  substances,  the  difference  of 
stress  between  the  so-called  limit  of  solidity 
and  the  breaking  point  is  extremely  small. 
Moreover,  as  a  matter  of  course  real  rocks  are 
not  homogeneous. 

Suppose  that  the  limit  of  solidity  has  been 
exceeded  by  a  minute  stress  increment,  but 
that  along  some  small  arc  of  the  elastic  curve 
the  rock  were  more  brittle  than  elsewhere: 
then  evidently  a  local  crack  would  develop; 
the  resistance  along  the  entire  curve  would  be 
diminished  pro  tanto;  the  stress  on  the  re- 
maining lai^er  portion  of  the  curve  would  be 
correspondingly  increased;  further  rupture 
woidd  foUow;  and,  as  it  appears  to  me,  the 
crack  would  extend  from  one  end  of  the  curve 
to  the  other  in  much  less  time  than  is  required 
to  state  this  conclusion.  So,  on  a  frozen  lake, 
when  a  sudden  fall  of  temperature  occurs,  a 
crack  starts  with  a  report  at  some  point  along 
the  shore  and  tears,  booming,  across  the  ice 
sheet  at  a  velocity  approaching  that  of  sound. 

If  before  rupture  there  is  plastic  flow  along 
a  given  curve,  then  after  rupture  the  overlying 
mass  can  move  by  gravity;  for  till  rupture 
occurred  motion  was  opposed  by  cohesion,  and 
when  this  is  overcome  resistance  is  diminished. 
Thus  there  is  a  surplus  of  energy  available  to 
accomplish  work. 

BULGING  OF  CANAL  BOTTOM. 

The  necessary  and  suflBcient  condition  for 
flow  is  that  Ry^V^,  and  the  smallest  value 
which  B  can  reach  is  R^  =  Vly^.  The  stresses 
which  bring  about  this  condition  are  due  to 
the  tendency  of  the  cliff  to  settle  down  into 
the  cut,  and  this  tendency  will  persist  mitQ 
flow  takes  place  along  the  basal  curve  for  which 
^=s7r/2  at  the  outcrop. 

Strain  can  not  be  confined  to  levels  above 
the  bottom  of  the  cut,  for  the  moment  the  bank 
begins  to  sag,  even  within  the  elastic  limit,  ad- 
joining masses  are  stressed  to  some  extent,  and 
these  stresses  must  extend,  with  diminished 
intensity,  to  great  distances.  Thus  even  while 
the  cut  is  shallow  there  must  be  elastic  strains 


along  the  basal  curve.  As  th:}  depth  of  the 
cut  increases  the  strain  along  this  curve  must 
increase  until  it  approaches  the  elastic  limit, 
both  in  the  wall  and  below  the  cut  in  the  plane 
of  the  wall. 

Now  suppose  that  the  cut  is  nearly  but  not 
quite  down  to  the  basal  curve  and  that,  by 
some  local  inequality  in  the  resistance  of  the 
material  on  some  part  of  the  basal  curve,  or  in 
consequence  of  some  jar,  due  perhaps  to  move- 
ments in  the  bank,  a  short  local  crack  forms  on 
some  part  of  the  basal  curve:  then  the  question 
arises  whether  or  not  this  crack  will  spread. 
Movement  of  the  mass  overlying  the  curve  will 
be  opposed  by  the  horizontal  resistance  to 
crushing  or  buckling  of  the  mass  imderlying 
the  floor  of  the  cut  and  extending  down  to  the 
curve;  but  when  this  stratum  has  been  reduced 
to  a  very  small  thickness  the  crack  may  extend 
and  cross  the  vertical,  thus  splitting  off  a  layer 
of  rock  immediately  beneath  the  cut.  As  has 
been  pointed  out  above,  the  formation  of  a 
crack  along  the  curve  suddenly  releases  an 
amoimt  of  the  energy  of  position  of  the  bank 
corresponding  to  the  cohesion  which  existed 
until  the  crack  formed  and  spread.  At  the  ex- 
pense of  this  energy  buckling  or  bulging  of  a 
thin  bottom  layer  may  take  place. 

This  seems  to  me  an  adequate  qualitative 
explanation  of  the  upheavals  of  the  floor  of 
the  cut  observed  during  the  later  part  of  the 
excavation.  That  shock  had  something  to  do 
with  these  upheavals  is  suggested  by  the  fact 
that  continuous  slow  upheavals  corresponding 
to  the  slower  movements  of  the  slides  were  not 
observed.  Upheavals  accompanied  only  the 
spasmodic  accelerations  of  slide  movement. 
This  phenomenon  is  a  harbinger  of  what  would 
occur  if  the  cut  were  extended  down  to  the  full 
depth  t/i,  for  then  the  bottom  and  sides  of  the 
cut  would  ooze  in  continuously  by  plastic  flow. 

EFFECT  OF  THE  FORM  OF  THE  BANKS. 

To  simplify  discussion  it  has  been  assumed 
that  the  canal  was  a  vertical  cut  through  a  flat 
coimtry  imderlain  by  homogeneous  rock,  and 
of  course  these  assumptions  are  not  in  accord 
with  the  facts.  But  the  country  is  rather  flat; 
and  as  the  underlying  rock  is  a  solid  mass, 
though  not  a  strong  one,  the  variability  of 
load  near  the  surface  must  be  fairly  well  dis- 
tributed at  depths  of  more  than  100  feet. 
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Until  slides  b^an  to  give  trouble  the  banks 
of  the  cut  were  very  steep— quite  too  steep,  in 
fact,  as  everyone  would  now  concede.  It  is 
well  to  consider  what  would  have  been  the  ef- 
fect of  giving  the  excavation  lower  slopes. 

The  ordinary  theory  of  earth  pressures  on 
retaining  walls  is  based  on  the  existence  of  an 
angle  of  rest  in  a  pile  of  discrete  particles.  It 
appears  to  me  to  be  totally  inapplicable  to  con- 
ditions in  the  Cucaracha  formation,  for  the 
mere  existence  of  breaks  demonstrates  that  the 
mass  possesses  continuity.  The  rocks  of  the 
Culebra  Cut  behave  very  much  as  a  mass  of 
agar-agar  jelly  might  do  if  a  rectangular  mold 
of  this  substance,  a  foot  or  so  in  depth,  were 
turned  out  on  a  horizontal  table.  If  the  jelly 
were  of  the  right  degree  of  stiffness,  the  edges 
of  the  mass  would  first  sag,  and  then  breaks 
would  make  their  appearance;  but  nothing  re- 
sembling a  constant  angle  of  rest  woxdd  be 
developed.  To  work  out  a  complete  theory  of 
the  relief  of  pressure  in  such  a  jelly,  or  in  the 
Cucaracha  formation,  due  to  an  inclination  of 
the  walls,  would  probably  be  very  difficult. 
Nevertheless,  very  simple  considerations  show 
that  slopiQg  the  waUs  is  an  effectual  method 
of  reducing  the  pressure. 

If  the  Culebra  Cut  were  replaced  by  an  ex- 
ceedingly strong  wall,  the  pressure  against  the 
wall  woTild  be  hydrostatic.  For  a  small  change 
of  depth  the  increment  of  pressure  woxdd  be 
/Kj/i  — l/)<^(2/i  — y))  ^^^  ^h®  whole  horizontal 
pressure   from   the   surface   to    depth   j/j  — yo 

wouldbe|(?/i-yo)'- 

Now,  imagine  a  plane  inclined  to  the  hori- 
zon at  45®  and  passing  through  the  point 
a;  =  o,  y^y©'  This  plane  would  cut  off  a 
triangular  slab,  say  of  unit  thickness  and  of 

mass  w=ip(iji  —  yoY- 

The  amount  of  frictional  resistance  depends 
primarily  upon  normal  pressm^e,  so  that  if  i''  is 
the  frictional  resistance  and   N  the  normal 


pressure 


F 

^=/x  =  tan  t> 


where  m  is  the  coefficient  of  sHding  friction  and 
^  the  angle  of  friction.  Now,  F  can  not  exceed 
the  normal  pressure  iV,  which  excites  it,  so 
that  /i  can  not  exceed  unity  and  t^  can  not  ex- 
ceed  45°.    Hence  friction   can   not   prevent 


movement  on  a  slope  of  45®.  Thus  if  the  tri- 
angular mass  of  rock  (or  of  jelly)  were  actually 
separated  from  the  remainder  of  the  mass,  fric- 
tion would  not  prevent  it  slipping  down  the 
steep  slope.  The  tangential  pressure  which  the 
mass  w  would  exert  on  the  45®  plane  would  be 
wl^j2,  and  this  would  be  resolved  into  a  ver- 
tical pressure  and  a  horizontal  pressure  each 
equal  to  t£;/2. 

Thus  of  the  whole  hydrostatic  horizontal 
thrust  exerted  agamst  the  vertical  wall,  just 
one-half  is  exerted  by  the  triangular  slab. 
Hence  also  sloping  the  bank  of  a  cut  at  45® 
would  diminish  the  horizontal  thrust  to  one- 
half  of  its  maximum  value. 

It  is  not  difficult  to  perceive  by  the  further 
application  of  elementary  statics  that  the 
thrust  would  be  stiU  more  diminished  by  mak- 
ing the  slope  smaller  than  45®. 

The  precaution  of  giving  the  banks  a  low 
slope  might  have  prevented  the  occurrence  of 
shdes,  but  as  a  remedial  measure,  after  breaks 
have  developed  to  a  considerable  extent,  it 
seems  to  me  of  little  avail.  After  the  basal 
curve  has  developed  into  a  crack,  the  material 
overlying  it  is  either  in  motion  or  in  imstable 
equiUbrium;  and  sooner  or  later  all,  or  nearly 
all  of  it,  will  reach  the  bottom.  Slides  of  origin 
similar  to  those  of  the  Culebra  Cut  are  by  no 
means  confined  to  the  Canal  Zone.  In  my 
opinion  banks  of  cuts  should  be  watched  with 
extreme  care,  and  the  moment  any  cracks  make 
their  appearance  aU  other  work  should  be  sus- 
pended until  a  safe  slope  has  been  established. 
Breaks  should  be  prevented,  because  they  can 
not  be  cured. 

NOTE  ON  FINITE  STRAINS. 

Plastic  flow  is  continuous  deformation  with- 
out change  of  density.  It  takes  place  at  the 
so-called  Umit  of  solidity.  During  flow,  there- 
fore, a  soUd  must  be  treated  as  compressed  to 
a  constant  extent,  and  as  the  elasticity  of 
volume  is  perfect,  when  stress  is  reUeved  the 
original  volume  is  restored.  In  nearly  all  cases 
a  solid  mass  undergoing  flow  is  to  be  treated  as 
incompressible. 

This  hmit  of  sohdity  depends  on  the  type  of 
strain  to  which  the  mass  is  subjected  and  to 
some  extent  on  viscosity.  It  would  also  de- 
pend on  heterotropy,  but  this  paper  deals  only 
with  isotropic  matter. 
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In  any  strain  ellipsoid  there  are  two  sym- 
metrically oriented  sets  of  planes  of  maximum 
tangential  strain  or  maximum  slide.  If  the 
strain  is  a  rotational  one  (so  that  the  groups  of 
material  particles  through  which  the  ellipsoidal 
axes  pass  vary  with  the  progress  of  the  strain), 
then  there  is  a  difference  in  behavior  of  the  mass 
on  these  two  sets  of  planes.  Along  that  set  of 
geometrical  planes  which  rotates  more  rapidly 
through  the  mass,  or  on  which  the  material 
particles  change  more  quickly,  greater  resist- 
ance is  offered  to  flow  or  rupture  than  on  the 
other  set,  because  the  resistance  to  be  over- 
come is  rigidity  plus  viscosity  and  because 
viscosity  offers  great  resistance  to  a  sudden 
stress  but  very  small  resistance  to  a  stress 
slowly  applied. 

In  one  strain,  called  simple  shear,  shearing 
motion,  sUde,  or  scission  by  various  writers  ^ 
there  is  one  set  of  these  planes  which  is  fixed 


their  product  is  constant,  and  if  all  three  diame- 
ters pass  through  the  same  material  particles  at 
all  stages  of  the  strain,  then  this  strain  is  a 
shear,  though  not  a  simple  shear  but  yet  far 
simpler  than  a  simple  shear.  Both  strains  are 
illustrated  in  figure  24. 

A  pure  shear  may  be  conceived  as  the  result- 
ant of  two  scissions  whose  rotations  are  equal 
and  opposite,  a  fact  of  which  use  may  be  made 
in  the  present  discussion. 

If  a  cube  of  homogeneous  isotropic  matter  is 
subjected  to  uniformly  distributed  pressure  on 
two  opposite  faces,  or  if  the  cube  rests  on  a 
rigid  plane  and  carries  a  normal  load  or  initial 
stress,  P,  then,  no  matter  whether  the  load  and 
the  strain  produced  are  infinitesimal  or  finite, 
just  one-third  of  the  load  is  employed  in  pro- 
ducing cubical  compression,  the  remaining 
two-thirds  being  employed  in  producing  two 
pure  shears  at  right  angles  to  each  other. 
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FiotTRE  24.— DlAgram  illostrating  simple  shear  and  shear,  each  of  ratio  6/4.   The  broken  lines  show 

directions  of  maxiniiiin  tangential  strain. 


relatively  to  the  material,  while  the  other  set 
of  planes  of  maximum  tangential  strain  changes 
its  position  relatively  to  the  material  particles 
more  rapidly  than  in  any  other  strain. 

In  scission,  therefore,  flow  will  be  more  easily 
produced  on  the  fixed  set  of  planes  than  in  a 
strain  of  any  other  type;  but  on  the  other  set 
of  planes  flow  will  be  less  easily  produced  in 
scission  than  in  a  strain  of  any  other  type. 
Scission  is  due  to  a  couple  acting  against  a  re- 
sistance. It  is  the  only  strain  produced  in  a 
rod  of  circular  cross  section  when  the  rod  is 
twisted  about  its  axis. 

Irrotational  or  pure  shear,  usually  denoted 
simply  as  shear,  is  the  simplest  conceivable 
deformation.  If  a  sphere  is  so  distorted  that 
one  diameter  retains  its  length  unaltered  while 
two  other  orthogonal  diameters,  in  a  plane 
perpendicular  to  the  first,  are  so  changed  that 


If  the  strain  at  the  elastic  limit  is  small  and 
if  P  just  exceeds  the  initial  stress  needful  to 
produce  this  strain,  the  conditions  for  flow  are 
fulfilled.  But  to  produce  yielding  relative  mo- 
tion must  take  place  parallel  to  four  planes  all 
of  which  are  at  or  very  close  to  inclinations  of 
45**  to  the  direction  of  the  load.  Suppose  that 
there  were  only  four  planes  of  relative  motion, 
each  passing  through  two  opposite  edges  of  the 
cube;  then  if  a  face  of  the  cube  is  assumed  as 
the  unit  area,  the  area  of  each  of  the  planes  of 
relative  motion  will  be  V^i  and  to  produce  any 
yielding  by  shear  the  total  area  of  relative  mo- 
tion must  be  at  least  4V2^=5.657. 

Now  on  each  of  these  four  surfaces  the  rela- 
tive motion  may  be  conceived  as  due  to  a  scis- 
sion, the  four  rotations  of  the  scissions  annulling 
one  another  by  pairs.  But  if  the  cube  were  cut 
or  permanently  deformed  by  scission  along  a 
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plane  parallel  to  any  face  the  area  of  deforma- 
tion would  be  only  unity  instead  of  5.657. 

Call  the  load  or  initial  stress,  P,  when  just 
sufficient  to  induce  flow  by  pure  shears  f  ,  and 
let  E^  be  the  tangential  stress  needful  to  induce 
incipient  scission.  Then  it  follows  from  the 
reasoning  stated  above  that 

§ir-4V2£.,oriii-g^ 

so  that  if  K  is  known  a  rational  estimate  of  K^ 
can  be  made. 

Experimental  data  as  to  the  relative  values 
of  jE'and  E^  for  stone,  concrete,  or  brick  are  not 
to  be  had,  so  far  as  I  know;  but  for  these  sub- 
stances the  limit  of  elastic  strain  and  the  break- 
ing point  lie  very  close  together.  According  to 
Bauschinger  the  ultimate  resistance  to  shearing 
of  stone  is  a  thirteenth  of  the  resistance  to 
crushing,  and  this  substantially  coincides  with 
Von  Bach's  result  for  granite.  Thus  experi- 
ment confirms  the  conclusion  that  relatively 
brittle  substances  will  yield  to  shearing  stresses 
very  much  less  intense  than  would  be  needed 
to  produce  flow  by  irrotational  strains. 

As  flow  is  thus  dependent  on  the  type  of 
strain,  it  follows  that  flow  on  one  set  of  planes 


of  maximum  tangential  strain  may  be  accom- 
panied by  no  sensible  plastic  deformation  on 
the  opposite  set  or  may  there  even  be  attended 
by  rupttu*e. 

SUMMABT. 

After  describing  the  essential  features  of  the  breaks  on 
the  Culebra  Cut  the  author  points  out  that  there  is  a  limit 
to  the  depth  of  a  vertical  cut  in  an  homogeneous  isotropic 
mass,  the  upper  surface  of  which  is  plane.  This  limit  is 
that  at  which  the  pressure  is  sufficient  to  produce  simple 
shear  in  the  mass,  and  in  a  concluding  note  reasons  are 
given  for  believing  that  6V2^  multiplied  by  the  resistance 
to  such  shear  is  about  equal  to  the  ultimate  strength  under 
linear  compression.  The  depth  at  which  one-sided  relief 
of  pressure  will  produce  simple  shear  is  called  y|. 

It  is  shown  that  in  such  a  bank  the  profile  of  a  surface 
along  which  the  mass  is  strained  to  the  elastic  limit  must 
be  a  form  of  the  elastic  curve,  the  directrix  of  which  lies 
at  a  depth  y^. 

The  lowest  or  basal  slide  curve  is  one  which  intersects 
the  horizontal  bank  at  right  angles.  Examples  are  worked 
out  for  this  and  other  cases. 

A  complete  analogy  exists  between  the  form  of  these 
curves  and  those  which  the  surface  of  water  assomes  when 
it  rises  by  capillarity  between  vertical,  parallel  glass  plates. 

In  view  of  these  results  the  author  discusses  to  some  ex- 
tent the  formation  of  ruptures,  the  bulging  of  the  canal 
bottom,  and  the  effect  upon  pressure  of  the  form  of  the 
banks.  A  note  on  finite  strains  is  placed  at  the  end  of  the 
paper  in  order  to  facilitate  skipping. 


RELATIONS  OF  THE  EMBAR  AND  CHUGWATER  FORMATIONS  IN 

CENTRAL  WYOMING. 


By  D.  Dale  Condit, 


FIELD  DATA. 

The  information  set  forth  in  this  paper  was 
obtained  in  field  work  during  the  seasons  of 
1913  and  1915.  During  1913  the  writer  was 
engaged  in  the  detailed  mapping  of  the  phos- 
phate beds  of  the  Embar  formation  on  the 
northeast  slope  of  the  Wind  River  Moimtains 
and  in  the  Owl  Creek  Mountains  as  far  east  as 
Bighorn  River  canyon.  In  1915  the  mapping 
was  continued  eastward  as  far  as  Holt,  from 
which  a  reconnaissance  examination  was  made 
east  and  north  along  both  flanks  of  the  Bighorn 
Range  as  far  as  the  latitude  of  Tensleep.  A 
visit  was  also  made  to  the  west  end  of  the 
Rattlesnake  Mountains  and  neighboring  points 
in  Natrona  County,  to  the  Conant  Creek  anti- 
cline, in  the  eastern  part  of  Fremont  County, 
and  to  the  Sheep  Mountain  anticline,  in  the 
Bighorn  Basin. 

GENERAL   CHARACTER   OF  THE   EMBAR 

FORMATION. 

The  term  Embar  was  introduced  by  Darton  * 
to  designate  strata  believed  to  be  of  '*Permo- 
Carboniferous''  age  and  lying  between  the  Ten- 
sleep  sandstone  (Pennsylvanian)  and  the  Chug- 
water  formation  (redbedsofTriassic?  age)  in  the 
Owl  Creek  Mountains  of  Wyoming.  The  type 
locahty  is  at  Embar  post  office,  about  25  miles 
west  of  Thermopolis,  where  the  formation  is 
about  250  feet  thick  and  consists  largely  of 
shaly  to  massive  marine  limestone,  for  the 
most  part  fossiliferous.  Followed  laterally 
eastward,  the  marine  limestones  gradually  give 
place  to  red  shales  containing  many  gypsum 
beds.  In  the  Bighorn  Mountains,  70  miles 
east  of  the  type  locality,  the  transformation  of 
the  Embar  beds  is  so  complete  that  they  can 
only  with  difficulty  be  distinguished  from  the 

1  Darton,  N.  H.,  Geology  of  the  Bighorn  Mountains:  U.  S.  Geol.  Survey 
Prof.  Paper  51,  p.  35«  1906. 


overlying  red  beds  composing  the  Chugwater 
formation. 

The  Embar  has  in  recent  years  attracted  at- 
tention on  account  of  its  yield  of  petroleum  in 
the  Wind  River  basin  and  also  on  account  of  its 
phosphate  beds,  which  have  been  traced  and 
mapped  by  the  United  States  Geological  Sur- 
vey throughout  the  Wind  River  and  Owl  Creek 
mountains  in  the  course  of  land  classification. 
The  stratigraphy  of  the  Embar  formation  as 
found  in  the  Wind  River  and  Owl  Creek  moun- 
tains has  been  outlined  in  a  reconnaissance 
report  by  Eliot  Blackwelder,*  and  those  areas 
will  be  only  briefly  reviewed  in  this  paper,  the 
object  of  which  is  a  consideration  of  the  forma- 
tion in  its  eastward  extensions  from  the  Owl 
Creek  Moimtains  into  the  Bighorn  Mountains 
and  from  the  Wind  River  range  into  the 
Rattlesnake  Mountains.     (See  PI.  LXI.) 

As  found  in  typical  development,  the  Embar 
consists  of  two  principal  parts,  of  which  the 
upper  is  largely  shaly  and  the  lower  is  chiefly 
limestone,  but  includes  phosphatic  and  cal- 
careous shale  and  nodular  chert.  The  name 
Park  City  has  been  adopted  by  the  United 
States  Geological  Survey  for  the  lower  part,  on 
the  recommendation  of  Blackwelder,  who  iden- 
tifies these  beds  with  the  Park  City  formation 
of  Utah.  He  has  also  suggested  the  name  Din- 
woody  formation  for  the  upper  shaly  part,  from 
Dinwoody  Canyon,  in  the  Wind  River  Moun- 
tains, where  the  formation,  about  200  feet  thick, 
consists  of  pale-green  to  white  clay  and  shaly 
limestone  weathering  brown  and  containing  ob- 
scure pelecypod  shells.  The  Park  City  and  Din- 
woody  beds  as  found  at  these  locaUties  are  de- 
scribed by  Blackwelder  in  a  bulletin  on  the 
stratigraphy  of  the  Wind  River  Mountains, 
submitted  for  publication  by  the  United  States 

2  A  reconnaissance  of  the  phosphate  deposits  in  western  Wyoming: 
U.  8.  Oeol.  Suney  Bull.  470,  pp.  452-481, 1911. 
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Geological  Survey.  The  somewhat  meager 
evidence  at  hand  seems  to  indicate  that  the 
Dinwoody  beds  are  of  Triassic  age  and  are  to 
be  correlated  with  the  Woodside  shale  and 
Thaynes  limestone  of  southeastern  Idaho. 
Toward  the  east  the  Dinwoody  beds  thin 
and  change  to  gypseous  greenish  or  brownish 
shales  devoid  of  fossils.  Outcrops  of  this  char- 
acter are  found  in  the  vicinity  of  Bighorn  River 
canyon  near  Thermopolis.  Still  farther  east 
the  beds  become  increasingly  gypseous  and 
assume  a  hthology  that  can  oidy  with  difficulty 
be  distinguished  from  that  of  the  Chugwater. 

There  is  likewise  a  gradual  transformation  in 
the  Park  City  beds  as  followed  eastward  from 
the  Owl  Creek  and  Wind  River  mountains. 
These  changes  may  be  smnmarized  briefly  as 
follows:  (1)  Increasing  thickness;  (2)  lithologic 
changes,  including  thinning  of  limestone  beds 
and  an  increasing  amount  of  shale  almost  en- 
tirely of  red  color;  (3)  the  appearance  of  beds  of 
massive  white  sediment-free  gypsum  in  all  but 
the  basal  portion;  (4)  the  gradual  eastward  dis- 
appearance of  marine  fossils  except  in  the  basal 
beds  of  the  formation ;  (5)  the  increasing  preva- 
lence of  calcareous  conglomerates  at  the  prin- 
cipal limestone  horizons;  (6)  the  disappearance 
of  concentrated  beds  of  phosphate  rock.  With 
these  changes  the  equivalents  of  the  Park  City 
and  Dinwoody  tmits  as  found  in  the  Bighorn 
Moimtains  so  little  resemble  the  typical  Embar 
of  the  Owl  Creek  Mountains  that  the  relation 
would  hardly  be  suspected.  The  same  is  true 
of  the  Park  City  beds  in  the  Rattlesnake  Moun- 
tains as  compared  with  those  in  the  Wind  River 
Range.  The  one  member  common  to  all  locali- 
ties is  the  nodular  chert  of  the  upper  part  of  the 
Park  City  beds.  It  is  largely  through  the 
persistence  of  this  rock  that  the  relations  of  the 
Embar  and  Chugwater  beds  have  been  deter- 
mined. 

The  eastward  thinning  of  the  Dinwoody  for- 
mation and  its  apparent  disappearance  at 
about  the  head  of  No  Wood  Creek,  in  the  south- 
em  part  of  the  Bighorn  Mountains,  may  be 
attributed  to  nondeposition,  although  it  is  pos- 
sible that  the  beds  have  been  eroded,  or,  less 
probably,  that  they  are  present  but  so  closely 
resemble  the  Chugwater  red  beds  in  lithology 
as  to  be  unrecognizable. 

The  character  and  relations  of  the  Embar  and 
associated  strata  in  the  Wind  River,  Owl  Creek, 
and  Bighorn  mountains  are  represented  in  the 


accompanying  diagram  (fig.  26).  It  is  believed 
that  the  Embar  includes  strata  ranging  in 
age  from  Pennsylvanian  to  Triassic,  and  that 
its  beds  in  the  Owl  Creek  Mountains  (see  PI. 
LXII,  A)  grade  laterally  into  beds  that 
were  included  in  the  lower  part  of  the  Chug- 
water formation  as  interpreted  by  Darton  in 
the  Bighorn  Mountains.  The  beds  as  followed 
northeast  approach  the  Chugwater  more  and 
more  closely  in  lithologic  character,  and  a 
difficulty  arises  in  determining  just  how  far  the 
name  Embar  as  a  formational  designation 
should  be  carried.  Certainly  the  Embar  f acies 
is  recognizable  for  some  distance  northward 
into  the  Bighorn  Range,  and  throughout  this 
part  of  the  field  the  term  Chugwater  should  be 
restricted  to  the  overlying  red  beds,  probably 
of  true  Triassic  age,  rather  than  to  all  the  beds, 
as  the  term  is  applied  in  the  Laramie  Range  and 
Black  HUls,  where  strata  apparently  as  old  as 
Pennsylvanian  are  included. 

FACIES  OF  THE  EMBAR  FORMATION. 
ILLUSTRATIVE  SECTIONS. 

The  lithologic  character  of  the  Embar  in  its 
typical  development  in  the  Wind  River  and 
Owl  Creek  moimtains  and  in  its  gradual  east- 
ward gradation  into  gypsif  erous  red  beds  in  the 
Bighorn  Mountain  region  (PI.  LXII,  B)  is  illus- 
trated by  the  series  of  sections  in  figure  25,  and 
also  by  figure  26,  a  diagrammatic  cross  section 
from  the  Wind  River  Range  northeastward  to 
the  Bighorn  Moimtains.  The  first  section  in 
figure  25,  measured  in  Bighorn  Canyon  near 
ThermopoUs,  is  with  slight  modifications  repre- 
sentative of  the  marine  facies  of  the  Wind 
River  and  Owl  Creek  mountains.  The  second 
section  was  measured  near  the  head  of  No 
Wood  Creek,  T.  41  N.,  R.  89  W.,  near  the 
southwest  extremity  of  the  Bighorn  Moimtains. 
The  conditions  of  deposition  here  were  evi- 
dently intermediate  between  the  marine  con- 
ditions of  the  west  and  the  shallow-water  or 
lacustrine  conditions  that  prevailed  farther 
east.  The  third  section,  measured  at  the  south 
end  of  the  Sheep  Mountain  anticline,  near 
GreybuU,  illustrates  conditions  not  greatly 
different  from  those  indicated  at  the  No  Wood 
Creek  locality.  The  presence  of  fossils  at  sev- 
eral horizons  records  temporary  marine  inva- 
sions which  alternated  with  partial  emergence 
or  shoaling,  thus  favoring  evaporation  and  con- 
centration into  beds  of  gypsum  and  possibly 
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other  salts.  The  fourth  section,  measured  at 
Tensleep  Canyon,  is  representative  of  the  for- 
mation as  found  on  the  west  slope  of  the  Big- 
horn Mountains.  Red  shales  with  many  thick 
beds  of  gypsmn  and  insignificant  beds  of  lime- 
stone make  up  the  section.  Similar  conditions 
are  recorded  on  the  east  slope  of  the  same 
range.  The  local  detailed  evidence  of  the 
several  facies  outlined  is  presented  below. 


The  Park  City  portion  of  the  Embar  forma- 
tion in  the  Wind  River  and  Owl  Creek  moun- 
tains consists  lai^ely  of  limestone  with  calca- 
reous shale  and  nondular  chert.  The  general 
sequence,  in  ascending  order,  is  (1)  dolomitic 
gray  fossiliferous  limestone,  resting  with  slight 
unconformity  on  the  Tensleep  sandstone;  (2) 
ai^illaceous  shaly  limestone  and  sandy  calca- 


horizons,  one  in  the  upper  part  and  the  other 
near  the  base.  The  lower  bed  is  of  consider- 
able value  in  the  Wind  River  Range  but  is 
missing  in  the  Owl  Creek  Mountains. 
Seetumof  Pari:  City  Jormation  on  South  Forh  of  Little  Wind 
River,  on  Die  Twrlhaat  slope  of  the  Wind  River  ifountoint. 
Ft.  to. 
Limestone,  chalky  in  upper  portion,  dolomitic 

and  cherty,  grayiah  below 12      0 

Limestone,  brownish  gr&y,  ciyBUlline,  fomiUfer- 
oub;  Leioclema,  Feneatella,  Spiri/erina  pvldtnx, 
Derbya,  andsmallcrinoid  segmenta  plentiful...     22       0 

Chert,  nodular,  in  bluiah-gray  shaly  matrix 11      0 

Shale,  siliceoiu,  bluish  gray  and  cherty  near  top, 
drab  to  sepia  blown,  with  phosphate  bands,  in 

lower  part 37      8 

Upper  phosphate  b«d: 

Phoepbite,  dark,  oolitic,  sandy;  Pugnax  only 
fossil    recognized    (tri calcium    phosphate, 

41.14  per  cent) 1      4 

Phosphate,  aandy;  Productut  nevadtnti*  and 
Pugnax  common  (tricalciiun  phosphate, 
43.74  per  i-ent  1 1      6 


FiavKE  %.— D[Bgninimatlc  cross  KCllon  from  n'l 

reous  shale  of  yellowish  color;  (3)  hraestone 
with  geodes,  chert  masses,  and  many  fossils, 
among  which  are  Produdus  nevadensis,  Leio- 
clema,  Spiriferina  pulchra,  and  Productus  sub- 
komdus;  (4)  phosphatic  shale  of  sepia-brown 
color,  with  one  or  more  layers  of  granular  phos- 
phate rock  and  phosphatic  limestone  at  the 
base;  (5)  nodular  greenish  phosphatic  chert 
interbedded  with  many  shale  laminae;  (6)  sili- 
ceous greenish  limestone  grading  up  into  gray 
resistant  limestone,  with  abundant  fossils,  in- 
cluding Derbya,  Pseudoraonotis,  Leioclema, 
and  Spiriferina  pulchra.  These  and  other 
forms  mentioned  in  this  paper  were  identified 
by  G.  H.  Girty. 

The  detailed  stratigraphy  in  the  Wind  River 
Mountains  is  further  illustrated  by  a  section 
measured  on  South  Fork  of  Little  Wind  River 
in  T.  1  S.,  R.  2  W.  Wind  River  meridian.  It 
will  be  noticed  that  phosphate  occurs  at  two 


i  River  Uountalns  to  Bighorn  Uountalns,  Wyo. 

Limestone,  brownishgray,  thinbeddedji'rorfurfu* 
nevadimii  and  Spiriier  aii.  S.  ramemtvt  plenti- 
ful. In  the  lower  portion  are  abundant  speci- 
mens of  Chonetes  aff.  C.  geiniUianvi 

Limestone,  massive,  yellowish  brown,  crystalline; 
many  fossils,  Leioclema  especially  abundant... 
Limestone,   dolomitic,   interbedded  with  lami- 
nated chert  and  sandy  shale 

Limestone,  gray,  coarsely  crystalline,  massive; 
ahundant  molds  ot  diminutive  pelecypods  and 

gastropofis 

Lower  phosphate  bed : 

Limestone,  phosphatic.  gray,  with  dark  spots; 

Lingulidiirina  vtahtnsis  present 

Phosphate  rock,   calcareous,   dark,   granular 

(tricalcium  phosphate.  3G.51  percent) 

Limestone,  phosphatic,  dense  tentured,  dark; 

a  fossil,  probably  Com piisita,  present 

Phosphate  rock,  calcareous;green  granules  o( 
glauconite(?)  abundant;  phosphatic  shells 
of  Lingulidiscina  abound  (tricalcium  phos- 
phate, 48.13  per  cent) 

Phosphate  rock,  dark,  calcareous;  few  traces 
of  fossils  {tricalcium  phosphate,  39.92  per 
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A.    EMBAR    AND    ASSOCIATED    FORMATIONS    ON     SOUTH     FLANK    OF    OWL    CREEK    MOUNTAINS 
NEAR    SHOT    GUN    CREEK,    WYO.,    IN    T.    7    N.,    R.    1     E. 

Upturned  shales  of  Chucwater  formation  at  left;  resistant  upturned  limestone  of  Park  City  formation  at  risht. 
underlain  by  Tensleep  '  '  •■.•    i.   —..•..  i-  ....  •.■•t  ■..,..  r _  i  ..    ■   i  . 


!,  which  forms  the  highest  hill  in  the  foreground  at  right. 


At  top  of  hill  is  calcareous  conglomerate.  The  beds  below  consist  of  structureless  friable  sandy  red  shale 
with  irregular  lamina  of  limestone,  much  distorted  and  faulted.  These  beds  rest  on  even,  undisturbed 
layers  of  limestone  that  form  the  basal  part  of  the  Embar  formation.  Thickness  to  top  of  hill  is  about 
90  feet. 
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limeot^iie,  granular,  thick  bedded,  having  small  Ft.  in. 

calcite  vugs;  granules  of  glauconite  (?)  present.  12  0 
limestone  and  dolomite,  argillaceous,  gray,  with 

cherty  layers  and  localized  green  stains 31  0 

Chert,  white  and  gray,  laminated 7  0 

Limestone,  buff,  dolomitic,  resting  on  Tensleep 

sandstone 4  0 

At  certain  points  along  the  Wind  River 
Mountain  front  the  limestone  beneath  the  lower 
phosphate  bed  is  rich  in  cephalopod  and  gastro- 
pod forms  believed  by  Mr.  Girty  to  indicate 
Pennsylvanian  age.  The  upper  phosphate  bed 
contains  the  Spiriferina  pulchra  fauna,  which  is 
regarded  as  of  Permian  age. 

TRANSITIONAL  VACEES. 

The  exposures  at  the  Sheep  Mountain  anti- 
cline and  near  the  head  of  No  Wood  Creek 
illustrate  conditions  intermediate  between  the 
marine  facies  of  the  west  and  the  shallow- 
water,  arid  conditions  of  the  east. 

In  the  Sheep  Moimtain  region  the  fossilif- 
erous  limestones  of  the  upper  two-thirds  of 
the  formation  show  that  deposition  for  the 
most  part  took  place  in  sea  water.  A  little 
below  the  middle,  however,  persistent  beds 
of  gypsum  (PL  LXIII,  A)  alternate  with  the 
fossUiferous  limestones,  indicating  intermittent 
restrictions  of  the  sea  and  concentration  of  the 
water,  which  temporarily  favored  precipita^ 
tion.  The  fine -textured  arenaceous  even- 
bedded  red  shales  of  the  lower  part  denote 
deposition  for  the  most  part  at  or  a  little  below 
sea  level.  The  general  absence  of  coarse 
sandy  sediments  here  and  elsewhere  at  the 
Park  City  horizon  indicates  that  the  land 
areas  supplying  the  sediments  were  reduced 
nearly  to  base-level  and  that  the  products  of 
erosion  were  carried  by  streams  of  low  gradient. 
The  source  of  the  sediment  is  a  matter  of 
speculation  but  may  have  been  land  to  the 
east,  for  the  beds  thicken  in  that  direction. 

Evidence  of  depositional  conditions  equiv- 
alent to  those  recorded  near  Greybull  and  at 
the  head  of  No  Wood  Creek  is  found  at  the 
west  end  of  the  Rattlesnake  Range,  in  Natrona 
County.  The  Park  City  beds,  where  observed 
near  the  Jamison  ranch,  in  T.  33  N.,  R.  88  W., 
are  about  300  feet  thick  and  consist  largely 
of  red  shales  with  a  few  impure  limestone  bec^ 
and  one  limestone  member  about  25  feet  thick 
near  the  base.  The  upper  part  of  the  forma^ 
tion  contains  much  reddish-brown  nodular 
chert  (PL  LXllT,  B),  with  which  are  asso- 

30830**— 17 18 


dated  Derbya  and  other  fossils  characteristic 
of  the  upper  part  of  the  Park  Gty  formation. 
No  gypsum  beds  were  discovered  here,  but 
some  have  been  noted  by  C.  J.  Hares  at  Alcova, 
about  35  miles  to  the  southeast. 

SHALLOW-WATSB  FACIES. 

Arid  conditions,  favoring  concentration  of 
brines  and  deposition  of  thick  beds  of  gypsum 
and  probably  other  salts,  prevailed  in  the 
Bighorn  Mountain  region  almost  from  the 
beginning  of  Embar  time.  The  basal  20  feet 
or  so  of  strata  resting  on  the  nearly  even  upper 
surface  of  the  Tensleep  sandstone  consist  of 
dolomitic  cherty  limestones  with  a  few  marine 
fossils,  overlain  by  green  and  red  shales  con- 
taining locally  a  layer  of  impure  fine-textured 
curly  brown  limestone,  apparently  of  algal 
origin.  Higher  strata  have  little  regularity 
of  sequence,  but  there  is  a  predominance  of 
arenaceous  red  beds  which  are  gypseous 
throughout  and  contain  an  increasing  amount 
of  gypsum  toward  the  top.  The  thickest 
gypsum  beds  in  the  upper  part  of  the  forma- 
tion are  locally  100  feet  or  more  thick  and  con- 
sist of  numerous  clean  white  layers  5  to  10  feet 
thick,  lacking  mechanical  sediments  and  alter- 
nating with  thin  layers  of  red  shale  and 
laminae  of  dolomitic  Ihnestone,  generally  a  few 
inches  thick.  In  the  upper  part  of  the  forma- 
tion there  is  a  persistent  layer  of  nodular 
purplish-red  chert  in  the  midst  of  the  gypseous 
beds.  The  chert  bed  has  been  traced  con- 
tinuously eastward  from  the  Owl  Creek  Moun- 
tains and  is  believed  to  lie  at  the  same  horizon 
as  the  greenish  chert  above  the  phosphate  bed 
of  that  region. 

The  gypsum  beds  are  prominent  at  Tensleep 
Canyon,  at  Cherry  Creek  near  Redbank,  and  at 
numerous  other  points  on  the  west  slope  of 
the  Bighorn  Mountains,  being  50  to  100  feet 
or  more  in  thickness  at  a  number  of  places. 
Deposits  even  thicker  than  this  are  foxmd  on 
the  east  slope  of  the  moxmtains,  along  the  sev- 
eral forks  of  CJrazy  Woman  Creek,  and  to  the 
south,  along  branches  of  Powder  River. 

One  of  the  noteworthy  features  concerning 
the  gypsum  beds  is  that  they  are  not  persist- 
ent. They  grade  laterally  into  red  beds  and 
conglomeratic  limestone  of  vesicular,  tufa- 
ceoujs  texture.  The  gypsum  and  conglomerate 
beds  lie  approximately  at  the  same  horizon 
and  are  found  in  the  same  general  vicinity,  but 
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are  not  as  a  rale  associated  in  any  one  section. 
The  gradation  from  one  to  the  other  not  iin- 
commonly  takes  place  within  a  distance  of  a 
few  hmidred  yards.  This  mode  of  occurrence 
18  in  laige  part  a  residt  of  the  conditions  of 
deposition,  which  favored  prolonged  evapora- 
tion in  numerous  small  basins,  the  margins  of 
which  were  above  water  from  time  to  time, 
permitting  a  drying  and  cracking  of  the  cal- 
careous muds  and  slight  erosion.  The  frag- 
ments were  rolled  along  and  cemented  by  cal- 
careous deposits  of  tufaceous  character.  The 
conglomerate  pebbles,  consisting  of  red  shale, 
friable  sandy  material,  limestone,  and  chert, 
all  of  local  origin,  occur  at  several  horizons. 
A  peculiar  residt  of  weathering  of  this  rock  is 
the  removal,  partly  by  solution  and  partly  by 
wind  erosion,  of  many  of  the  pebbles,  leaving 
the  calcareous  matrix  of  vesicular  texture  with 
rounded  cavities  as  much  as  4  to  6  inches  in 
diameter. 

The  nonpersistence  of  the  gypsiun  beds  is  in 
part  attributed  to  solution  in  recent  times. 
Evidence  supporting  this  conclusion  is  seen 
along  the  east  slope,  where  sink  holes  are  not 
uncommon,  and  also  in  the  absence  of  gyp- 
siun in  exposures  extending  a  short  distance 
up  the  mountain  slope.  This  feature  is  espe- 
cially noticeable  near  No  Wood  and  Redbank, 
where  there  is  an  abundance  of  bedded  gyp- 
simi  up  to  about  the  6,700-foot  contour  and 
none  at  all  in  higher  exposures.  Stratigraphic 
measurements  above  and  below  this  elevation 
show  a  corresponding  difference  in  thickness. 

The  irregularity  of  the  gypsum  beds  is  also 
in  part  attributable  to  partial  solution  at 
different  times  in  the  past,  when  it  has  been 
favored  by  the  ever-changing  ground-water 
conditions.  The  chief  evidence  of  this  proc- 
ess is  the  greatly  distorted  character  of  the 
rocks  in  aU  but  the  basal  part  of  the  formation. 
The  distortion  is  noticed  even  in  exposures 
along  the  base  of  the  mountains.  The  arena- 
ceous red  clays  are  structureless  and  loosely 
cemented.  Thin  laminae  of  limestone  distrib- 
uted through  the  section  are  faulted  and  tilted 
in  edgewise  blocks.  The  evident  disturbance 
of  these  beds  and  the  undisturbed  character  of 
the  underlying  beds  indicate  that  there  has 
been  a  widespread  collapse  through  the  removal 
of  soluble  parts  of  the  beds,  perhaps  at  differ- 
ent times.  Possibly  the  soluble  parts  included 
salt  as  weU  as  gypsiun.    In  fact,  the  data 


would  seem  to  indicate  that  they  did,  because 
a  certain  amount  of  distortion  is  noticed  even 
in  exposures  where  there  is  much  gypsum. 
The  possibility  of  the  former  presence  of  saline 
deposits  leads  to  the  query  whether  those  salts 
may  not  stiU  exist  down  the  dip  far  below  the 
surface. 

The  evidence  at  hand  seems  to  indicate  that 
the  gypsum  beds  were  deposited  under  condi- 
tions somewhat  different  from  those  prevailing 
during  the  deposition  of  the  gypsum  beds  found 
in  the  upper  part  of  the  Chugwater,  which  are 
described  by  Branson.^  The  red  beds  (Chug- 
water), which  are  coextensive  with  the  fknbar 
in  Wyoming  and  range  from  about  1,000  to 
1,400  feet  in  thickness,  are  believed  by  Branson 
to  be  for  the  most  part  of  marine  origin,  and  the 
presence  of  the  gypsum  in  the  upper  part  is 
regarded  as  pointing  to  marine  origin  for  that 
part  of  the  red  beds  in  most  of  Wyoming.  The 
reasons  for  his  conclusions  are  set  forth  as 
follows: 

1.  Umfonnity  in  thicknees  of  beds  over  wide  areas. 

2.  Uniformity  in  texture  of  rocks  over  wide  areas. 

3.  Ripple  marking  on  horizontal  beds  through  most  of 
the  formation. 

4.  Chemical  precipitation  of  limestone  at  the  800-foot 
level. 

5.  Chemical  precipitate  of  gypsum  near  the  top  over 
wide  areas  and  at  various  levels  in  many  places. 

6.  Absence  of  sun  cracks  and  fossils  of  land  animals 
excepting  in  the  Popo  Agle  beds. 

7.  Presence  of  undoubted  subaerial  evidences  in  the 
Popo  Agio  beds,  with  textures  and  materials  like  much  of 
the  rest  of  the  red  beds. 

The  succession  of  events  is  summarized  as 
follows: 

1.  The  red  beds  began  under  marine  conditions,  and  the 
sea  gradually  became  more  and  more  chaiged  with  calcium 
carbonate  and  magnesium  carbonate  imtil  a  dolomitic 
limestone  was  precipitated. 

2.  Above  the  limestone  the  sea  gradually  filled  with  sand 
until  the  sediments  were  exposed,  and  the  Popo  Agio  beds 
were  formed  under  subaerial  conditions. 

3.  The  sea  in  upper  Tiiassic  time  readvanced  and  some 
200  feet  of  sandstone  and  shales  filled  the  western  margin. 

4.  Subaerial  deposition,  mainly  of  wind-blown  sand, 
succeeded  and  lasted  while  beds  varying  from  a  few  feet  to 
60  feet  in  thickness  were  deposited. 

5.  The  sea  readvanced,  but  concentration  of  calcium 
sulphate  had  been  in  progress  for  a  long  time  and  soon 
resulted  in  widespread  deposits  of  gypsum. 

6.  Usually  some  sandstone  and  some  thin  layers  of  lime- 
stone were  deposited  above  the  gypsum  before  the  with- 
drawal of  the  sea  at  the  close  of  the  period. 

I  Branson,  E.  B.,  Origin  of  tlie  Ited  Beds  of  western  Wyoming;  Origin 
of  thick  gyi>siim  and  salt  deposits:  OeoL  See.  America  Bull.,  vol.  26, 
No.  2,  pp.  217-242, 1915. 
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Darton's  conception  of  the  history  of  Chug- 
water  red-bed  deposition  is  as  follows:* 

In  the  latter  part  of  Carboniferous  [Pennsylvanian] 
timei  and  probably  during  the  Permian  alfio,  there  was 
a  widespread  emergence,  resulting  in  shallow  basins  with 
very  wide  mud  flats  which  occupied  a  large  portion  of 
the  Rocky  Mountain  pro\dnce.  In  these  regions  were 
laid  down  the  last  deposits  of  the  Pennsylvanian  division 
and  the  great  mass  of  red  clay  and  sands  constituting  the 
Chugwater  formation.  These  beds  probably  were  de- 
posited by  saline  water  under  arid-climate  conditions 
and  accumulated  in  a  thickness  of  1,000  feet  or  more. 
The  waters  were  shallow  much  of  the  time,  and  there 
were  wide,  bare  wash  slopes  and  mud  flats,  as  is  indicated 
by  the  frequent  mud  cracks,  ripple  marks,  and  impre»* 
flions  of  various  kinds  on  many  of  the  layers  throughout 
the  formation. 

In  contrasting  the  Embar  of  the  Bighorn 
Mountains  with  the  overlying  Chugwater  beds 
the  following  features  are  noted: 

1.  Limestone  is  much  more  plentiful  in  the 
Embar,  but,  aside  from  that  which  occurs  in 
the  basal  portion,  it  is  in  small  patches  later- 
ally alternating  with  thick  beds  of  gypsum. 

2.  There  is  ample  evidence  of  frequent 
emergence  and  slight  ,erosion  during  late 
Embar  time,  a  feature  not  observed  in  the 
Chugwater.  This  is  especially  true  of  expo- 
sures on  the  east  slope  of  the  Bighorn  Range. 
The  conglomerates  are,  in  part,  composed  of 
travel-rounded  pebbles,  denoting  contempo- 
raneous erosion.  There  are,  however,  other 
conglomeratic  beds  regarded  as  breccias. 
These  consist  of  angular  pebbles  of  various 
materials  boimd  together  by  a  spongy  calca- 
reous, travertine-hke  cement.  The  brecciated 
portion  may  be  in  part  of  secondary  origin, 
produced  by  the  solution  of  gypsum  and  pos- 
sibly salt  beds  and  the  resultant  collapse  of 
the  strata.  Breccias  and  conglomerates  such 
as  these  have  not  been  observed  in  any  part 
of  the  Chugwater  formation. 

3.  Although  the  evidence  of  contempora^ 
neous  erosion  in  the  Embar  denotes  tempo- 
rary emergence,  it  is  believed  that  the  mate- 
rials were  for  the  most  part  laid  down  beneath 
the  surface  of  the  sea.  •  The  persistence  of  the 
nodular  chert  and  the  similarity  of  certain 
other  beds  over  nearly  all  the  area  indicate 
that  throughout  Embar  time  the  sea  waters 
frequently  extended  from  the  west  over  the 
entire  region.     Reductions  of  the   sea   were 

1  Darton,  N.  H.,  Paleosoic  and  Mesozoic  of  central  Wyoming:  Geol. 
Boo.  America,  Bull.,  vol.  19,  pp.  465-466, 1908. 


the  rule  during  the  later  part  of  the  epoch, 
and  aridity  favored  prolonged  evaporation  of 
the  inclosed  salt-*water  basins. 

SOURCE  OF  MATERIALS. 

The  source  of  the  materials  of  the  Tensleep, 
Embar,  and  Chugwater  formations  is  largely  a 
matter  of  speculation.  That  the  Tensleep 
sandstone  was  at  least  in  part  deposited  in  the 
sea  is  indicated  by  its  beds  of  arenaceous 
dolomite,  some  of  which  contain  fossils.  The 
foUowing  collection  was  obtained  from  beds  a 
little  above  the  middle  of  the  formation  on  the 
east  slope  of  the  Bighorn  Range  in  T.  44  N., 
R.  84W.: 

Ciinoid  stems. 

Nucula  levatiformls  var.  obliqua. 

Deltopecten  sp. 

Astartella  subquadrata? 

Schizodus  ovatus. 

Plagioglypta  canna? 

Leevidentalium?  sp. 

Belleiophon  aff.  B.  sublevis. 

Euphemus?  sp. 

Bucanopsis?  sp. 

Phaneratrema  aff.  P.  grayvillense. 

Mr.  Girty  reports  that  the  faima  is  too  small 
to  warrant  positive  statement  as  to  its  rela- 
tions. It  shows  a  new  and  very  indefinite 
combination  of  specimens,  which  may  be  late 
Pennsylvanian  or,  less  probably,  Permian. 
Elsewhere  reedlike,  colimmar  plant  remains 
have  been  observed  in  the  Tensleep  sandstone. 

It  has  been  foimd  that  over  the  greater  part 
of  central  Wyoming  there  is  a  general  south- 
ward direction  of  inclination  of  the  lines  of 
deposition,  suggesting  a  possible  derivation  of 
the  sands  from  the  north;  but  this  view  is  not 
supported  by  the  data  as  to  thickness,  for  the 
formation  at  the  north  end  of  the  Bighorn 
Range  is  30  to  40  feet  thick  and  increases  south- 
ward to  200  or  300  feet  in  the  Owl  Creek  Range 
and  to  more  than  500  feet  in  the  Wind  River 
Range. 

The  slight  thickening  of  the  Embar  forma- 
tion eastward  from  Bighorn  River  canyon  into 
the  Bighorn  Mountains  has  been  mentioned. 
There  is  likewise  a  gradual  increase  to  the 
southwest,  where  the  beds  become  more  and 
more  calcareous.  The  change  is  not  consid- 
erable westward  along  the  Wind  River  Moim- 
tain  front,  and,  in  fact,  the  formation  thins 
from  about  430  feet  at  Dinwoody  Canyon  to  a 
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little  more  than  200  feet  about  50  miles 
farther  northwest,  across  the  divide,  on  Buffalo 
Fork  of  Snake  River  at  a  locality  measured 
by  Blackwelder. 


ABSTBACT  OF  PAPBB. 


The  Embar  fannatioii  of  central  Wyoming,  which  lies 
between  the  Tenaleep  sandstone  and  the  Chugwater 


fonnation,  comprises  several  distinct  fades,  each  of  which 
is  considered  in  detail,  and  some  of  the  formational 
boundaries  in  the  Bighorn  Mountain  region  are  redefined. 
In  connection  with  the  description  of  the  gypsum  and 
associated  strata  it  is  suggested  that  conditions  were 
possibly  also  favorable  for  accumulation  of  salt  beds.  The 
chance  of  finding  such  deposits  down  the  dip  below  the 
surface  is  believed  to  be  sufficient  to  merit  further  invee- 
tigation. 


CONTRIBUTIONS   TO   THE   GEOLOGY  AND   PALEONTOLOGY   OF  SAN 

JUAN  COUNTY,  NEW  MEXICO. 


1.  STRATIGRAPHY  OF  A  PART  OF  THE  CHACO  RIVER  VALLEY. 


By  Clyde  Max  Baueb. 


INTRODUCTION. 

This  preliminary  paper  is  an  attempt  to  set 
forth  the  principal  features  of  the  stratigraphy 
in  a  part  of  the  San  Juan  Basin — to  describe 
the  succession  of  strata  irrespective  of  possible 
correlations  and  thereby  to  establish  a  type 
section  for  the  formations  exposed  and  to 
bring  out  their  relations  to  the  strata  imme- 
diately above  and  below.  The  paper  presents 
only  a  part  of  the  data  collected  by  a  field 
party  of  the  United  States  Geological  Survey 
in  the  season  of  1915,  in  charge  of  the  writer, 
and  does  not  describe  the  economic  resources 
of  the  area,  such  as  coal,  nor  the  general 
geologic  problems. 

In  mapping  formatiqn  boundaries,  streams, 
roads,  and  other  surface  features,  the  plane 
table  and  alidade  were  used.  Where  the 
slopes  are  steep  and  the  strata  nearly  hori- 
zontal, sections  were  measured  directly  with  a 
hand  level.  Elsewhere  the  alidade  was  em- 
ployed for  obtaining  distances  and  differences 
in  elevation,  and  the  thickness  of  the  inter- 
vening strata  was  calculated  from  these  data. 
Fossils  were  collected  at  localities  whose  posi- 
tions were  accurately  determined,  both  strati- 
graphically  and  geographically. 

The  accompanying  papers  on  the  paleon- 
tology of  the  area,  by  C.  W.  Gilmore,  T.  W. 
Stanton^  and  F.  H.  Elnowlton^^  discuss  the 
fossil  collections  made  by  the  field  party. 
For  these  collections  and  a  considerable  part 
of  the  other  data,  including  mapping,  much 
credit  is  due  to  John  B.  Reeside,  jr.,  who  as- 
sisted the  writer  both  in  the  field  and  in  the 
office,  and  to  H.  R.  Bennett,  who  assisted  in 

1  IT.  8.  Oeol.  Survey  Prof.  Paper  98,  pp.  279-^53, 1916  (Prof.  Papers 
96-Q,98-R,96-8). 


the  field.  Acknowledgments  are  also  due  to 
M.  R.  CampbeU,  who  exercised  general  super- 
vision over  the  work  and  made  many  helpful 
suggestions  and  criticisms. 

GEOGRAPHY. 

The  area  studied  and  mapped  comprises 
about  1,500  square  miles  in  northwestern  New 
Mexico  extending  along  Chaco  River  for  about 
50  miles  from  the  Great  Hogback,  on  San  Juan 
River,  to  Meyers  Creek,  6  miles  north  of 
Pueblo  Bonito.  (See  PL  LXIV.)  The  area 
may  be  reached  by  the  Denver  &  Rio  Grande 
Railroad,  a  branch  of  which  terminates  at 
Farmington,  on  the  northern  edge,  or  by  the 
Santa  Fe  Railway  to  Thoreau,  which  lies 
about  60  miles  south  of  Meyers  Creek.  From 
Thoreau  wagon  roads  lead  northward  and 
cross  the  Continental  Divide  at  San  Antonio 
and  Sheep  passes.  The  population  of  the 
area,  which  lies  partly  in  the  Navajo  Indian 
Reservation,  is  composed  largely  of  Navajo 
Indians,  who  raise  sheep,  goats,  and  ponies 
and  are  nomadic  in  their  habits.  Sagebrush, 
rubber  weed,  chico,  and  pear  cactus  are  the 
most  common  plants  of  the  desert  plain.  A 
few  white  traders  have  located  stores  (see  PL 
LXVIII,  B)  in  the  area. 

The  region  is  arid  and  stands  from  5,200  to 
about  6,500  feet  above  sea  level.  The  drain- 
age goes  mainly  westward  through  arroyos 
cut  sharply  into  the  westward-sloping  plain 
(see  Pis.  LXVI,  C,  and  LXXI,  B)  to  Chaco 
River.  Between  the  arroyos  are  broad,  gently 
rolling  interstream  plains,  most  of  them  sur- 
mounted by  numerous  long  dunes  of  wind- 
blown sand  and  offering  few  exposures  of  the 
stratified  rocks.    The  arroyos,  on  the  other 
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hand,  present  excellent  exposures  of  the 
strata,  especially  near  their  heads,  where  there 
are  many  areas  of  badlands  (see  Pis.  LXVIII, 
A,  and  LXXI,  J?),  in  which  vegetation  and 
soil  are  lacking  and  the  rocks  can  be  studied 
in  great  detail.  These  badland  areas  are  cut 
below  the  general  level  and  most  of  them  are 
therefore  invisible  from  the  upland,  except 
near  their  edges. 

San  Juan  River  is  the  only  permanent 
stream  in  the  area.  It  is  maintained  to  a 
large  extent  by  the  melting  snows  on  the  moun- 
tains at  its  source,  and,  although  the  water  is 
muddy,  it  contains  far  less  alkaU  than  the 
water  of  the  other  streams  of  the  region. 
Chaoo  River  has  a  bed  as  wide  as  that  of  San 
Juan  River,  but,  although  it  is  over  150  miles 
long,  water  flows  in  the  channel  only  at  inter- 
vals and  only  for  a  few  days  at  a  time.  Its 
bed  during  the  remainder  of  the  year  is  a 
barren  sandy  flat.  The  water  supply  for  the 
area  is  therefore  obtained  almost  entirely 
from  wells  and  artificial  lakes.  The  rain 
water,  caught  in  artificial  lakes  or  pools,  is 
carefully  conserved  through  the  long,  dry 
periods.  The  water  from  the  wells  is  strongly 
alkaline  and  commonly  salty,  and  in  many 
places  it  is  not  fit  for  domestic  use.  However, 
through  long  experience,  the  Navajo  Indians 
have  sought  out  the  best  watering  places  and 
have  sunk  crude  wells  and  constructed  reser- 
voirs for  storing  flood  waters. 

STRATIGRAPHY. 
GENERAL  FEATXTRES. 

The  name  San  Juan  Basin  has  been  used  by 
several  writers  to  refer  to  the  area  inclosed  by 
the  outcrop  of  the  Cretaceous  coal-bearing 
formations  of  northwestern  New  Mexico.  This 
area  is  properly  a  structural  basin,  and  the 
writer  would  therefore  limit  the  term  to  the 
region  in  which  the  strata  dip  toward  a  com- 
mon center  and  exclude  the  Zuni  Basin  on  the 
south,  which  is  separated  from  the  main 
basin  by  a  structural  divide.*  The  stratig- 
raphy of  the  west-central  part  of  the  San 
Juan  Basin  is  described  in  this  paper.    The  area 

1  Sbaler,  M.  K.,  A  reconnaissance  survey  of  the  western  part  of  the 
Durango-Oallup  coal  fleld  of  Colorado  and  New  Mexico:  U.  8.  Qeol. 
Sorvey  Bull  316,  pp.  870-426, 1907. 


includes  the  outcrop  of  strata  verlying  the 
Mesaverde  formation,  which  have  in  the  past 
been  referred  to  the  Lewis,  Laramie,  Puerco, 
Torre j on,  and  Wasatch  formations. 

The  stratified  rocks  of  this  area  consist  of  a 
succession  of  marine,  brackish-water,  and  fresh- 
water sediments,  which  now  occur  as  sandstone, 
shale,  coal,  and  conglomerate,  in  almost  every 
gradation  and  combination  possible.  The  dip 
of  the  strata  throughout  the  greater  part  of  the 
area  is  from  1°  to  3°  toward  the  center  of  the 
basin.  In  the  Great  Hogback,  however, 
the  beds  lie  in  a  sharp  monocline  dipping  as 
much  as  47°  in  an  easterly  direction.  This 
steep  dip  persists  only  a  short  distance,  how- 
ever, and  beyond  it  the  beds  flatten  to  dips 
of  3°  or  less. 

The  sections  given  in  Plate  LXV  show  the 
thickness  and  character  of  the  units  meas- 
ured along  several  arroyos,  as  shown  on  the 
map  (PI.  LXIV).  The  area  was  entered  from 
the  north,  and  the  first  section  was  measured 
along  San  Juan  River.  (See  A-A',  PI.  LXIV.) 
A  generalized  profile  of  this  section  is  also 
shown  in  figure  27  (p.  275).  Here  the  exposures 
are  good,  permitting  a  division  into  mappable 
units  on  a  basis  of  lithologio  diilerences.  The 
Mesaverde  and  Lewis  formations  and  the  Pic- 
tured Cliffs  sandstone  were  accepted  as  de- 
scribed by  previous  workers  in  the  San  Juan 
Basin,*  as  the  two  former  have  been  traced 
directly  from  their  type  localities  and  the  San 
Juan  River  valley  is  the  type  locaUty  for  the 
Pictured  Cliffs  sandstone."  The  beds  above 
this  sandstone  were  ^  divided  into  mappable 
lithologio  units.  As  the  present  work  pro- 
gressed southward  the  distinctness  of  these 
units  became  more  and  more  evident,  and  the 
sections  measured  were  easily  correlated  with 
that  along  the  river. 

The  following  table  gives  the  names  and 
thicknesses  of  the  several  formations  described 
in  these  pages,  as  well  as  the  names  previously 
used  for  them: 


>  Schrader,  F.  C,  The  Durango-Gallup  coal  fleld  of  Colorado  and  New 
Mexico:  U.  S.  Geol.  Survey  Bull.  285,  pp.  241-258, 1906.  Shaler,  IC.  K., 
A  reconnaissance  survey  of  the  western  part  of  the  Durango-Gallup 
coal  field  of  Colorado  and  New  Mexico:  U.  S.  Geol.  Survey  Bull.  310, 
pp.  376-426, 1907. 

*  Holmes,  W.  H.,  Geology  of  the  San  Juan  district:  U.  S.  Geol.  and 
Oeog.  Survey  Ten-.  Ninth  Ann.  Rept.,  for  1875,  p.  248, 1877. 
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Torrejon. 
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formations. 
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Puerco. 
(?) 

Laramie. 

Puerco. 

Laramie. 

Ojo  Alamo. 
(7) 
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Ojo  Alamo  sandstone. 

63-110 

Laramir.. 

Kirtland  shale,  in- 
cluding Farming- 
ton  sandstone  mem- 
ber. 

836-1, 180 
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Fruitland  formation. 
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Pictured  Cliffn. 

Pictured  Cliffs  sand- 
stone. 

49-275 

Sand  ehale  group. 

Le^is. 

Lewis. 

Lewis  shale. 

76-476 

Mesa  Verde. 

Mesaverde. 

Mesaverde. 

Mesaverde  formation. 

1,980 

a  Holmes,  W.  H..  Geology  of  the  San  Juan  district:  IT.  S.  Oeol.  and  Oeog.  Bmrey  Terr.  Ninth  Ann.  Kept.,  for  1875,  p.  344, 1877. 

b  dhaler,  m.  K.,  A  reconnaissance  survey  of  the  western  part  uf  the  Durango-Oaflup  coal  field  of  Colorado  and  New  Mexico:  U.  S.  Oeol.  Sur^ 
yey  BuU.  316,  p.  376, 1907. 

c  Gardner,  J.  H.,  The  coal  field  between  Gallina  and  Raton  Spring,  N.  Hex.,  in  the  San  Juan  coal  region:  U.  S.  Geol.  Survey  Bull.  341,  p.  338, 
1009 

d  Sinclair,  W.  J.,  and  Granger,  Walter,  Paleocene  depoiltsof  the  San  Juan  Basin,  N.  Mez.:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  33,  pp.  297-316, 1914. 


MBSAVXBDE  FOBMATION. 

The  Mesaverde,  which  is  the  lowest  forma- 
tion examined  in  this  area,  exhibits  the  same 
characteristics  here  as  in  the  type  locaUty,  the 
Mesa  Verde  National  Park,  except  that  it  is 
somewhat  thicker.  Where  the  Great  Hogback 
is  cut  by  Chaco  River  the  thickness  of  the 
Mesaverde  is  1,980  feet.  At  this  place  it  pre- 
sents a  striking  monocline  with  an  eastward 
dip  of  35°-47°.  The  formation  is  composed 
here  of  a  lower  sandstone  member,  which  con- 
tains coal  in  its  upper  part;  a  middle  shaly 
member,  which  comprises  thin-bedded  sand- 
stone, shale,  and  coal;  and  an  upper  massive 
sandstone  member.  This  formation  was  not 
studied  in  detail  and  only  its  upper  limit  was 
mapped. 

LEWIS  SHALB. 

The  Lewis  shale  (see  PL  LXVI,  B)  is  marine 
in  origin  and  very  similar  to  the  shale  at  Fort 
Lewis,  Colo.,  the  type  locality.*    It  is  thinner 

1  Cross,  Whitman,  U.  8.  Oeol.  Surrey  Oeol.  Atlas,  La  Plata  folio 
(No.  60),  1899. 


here,  however,  than  at  Fort  Lewis,  being  about 
475  feet  thick  on  San  Juan  River,  decreasing 
gradually  southward  as  far  as  Coal  Creek, 
where  it  is  76  feet  thick,  and  increasing  again 
to  103  feet  on  Meyers  Creek.  (See  PI.  LXV.) 
The  Lewis  shale  exhibits  the  same  lithologic 
characteristics  throughout  the  field.  It  is  a 
greenish-gray  sandy  shale  with  local  streaks 
of  yellowish  calcareous  shale.  On  San  Juan 
River  it  has  also  a  prominent  layer  of  buflF 
lime  concretions  about  100  feet  above  its  base. 
Three  ooDections  of  fossils  were  obtained  from 
it  and  have  been  identified  by  T.  W.  Stanton. 
They  are  listed  below.     (See  also  PI.  LXV.) 

Collection  1  (9277): 

Anomia  sp. 

Inooeramus?  sp. 

Lucina  sp. 

Lunatia  sp. 

Baculites  sp. 
Maiine  Montana  fauna. 
Collection  10  (9273): 

Inoceramus  barabini  Morton. 

Placenticeras  intercalare  Meek  and  Hayden. 

Undetermined  burrows. 
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Collection  82  (d296): 

Ostrea  inomata  Meek  and  Hayden. 
Syncyclonema  sp. 
Ledasp. 

Cardium  specioflum  Meek  and  Hayden. 
liopifltha  undata  Meek  and  Hayden. 
Lunatia  sp. 
Flacenticeras  sp. 
Marine  Montana  fauna. 

PICTURBD  CUFFS  SANDSTOKX. 

Overlying  the  Lewis  shale  conformably  is  the 
Pictured  Cliffs  sandstone  (see  PI.  LXVII,  A) 
of  near-shore  marine  origin.  Its  contact  with 
the  Lewis  is  gradational,  but  in  the  aggregate 
its  lithology  is  distinct  from  that  of  the  beds 
beneath.  As  the  name  indicates,  it  is  a  sand- 
stone that  forms  cliffs,  particularly  on  San  Juan 
River  immediately  west  of  Fruitland,  where 
there  are  prominent  cliffs  of  copper-colored 
sandstone  20  to  40  feet  high.  Farther  south 
it  is  a  yellowish  to  light-gray  or  brown  sand- 
stone and  not  so  massive.  It  diminishes  in 
thickness  from  245  feet  on  San  Juan  River  to 
49  feet  on  Brimhall  Wash,  and  from  that  place 
increases  to  91  feet  on  Meyers  Creek.  (See 
PI.  LXV.)  HalymeniUs  major  is  abundant  in 
this  formation,  and  the  following  fossils,  iden- 
tified by  T.  W.  Stanton,  were  also  collected 
from  it: 

Collection  2  (9278): 
Serpula  ep. 

InoceramuB  barabini  Morton. 
Cardium  speciosum  Meek  and  Hayden. 
Tellina  scitula  Meek  and  Hayden?. 
Leptosolen?  sp. 

Mactra  gracilis  Meek  and  Hayden?. 
Corbula  sp. 
Turri8?8p. 
Odontobasis?  sp. 
Hamineasp. 
Actfieon  sp. 
Marine  Montana  fauna. 

FBXJITLAKD  FORMATION. 

Conformably  above  the  Pictured  Qiffs  sand- 
stone lie  the  brackish  and  fresh  water  beds  of 
the  coal-bearing  Fruitland  formation,  and  the 
contact  presents  the  usual  characteristics  of 
interfingering  beds.  The  name  Fruitland  is 
derived  from  that  of  a  settlement  on  San  Juan 
River  which  hes  on  the  outcrop  of  this  forma- 
tion. The  formation  consists  of  sandstone, 
shale,  and  coal.  (See  PI.  LXVII,  B.)  It  is 
very  irregularly  bedded,  and  the  several  beds 
range  from  sandy  shale  and  shaly  or  clayey 
sandstone  in  aU  conceivable  proportions  to 


rocks  that  can  be  definitely  called  sandstone 
or  shale.  The  variation  in  some  places  is  so 
rapid  both  laterally  and  vertically  that  weath- 
ering of  the  imequally  indurated  rocks  produces 
pillars,  knobs,  capped  prisms,  pyramids,  and 
fantastic  shapes  of  all  sorts.  This  irregularity 
is  most  marked  in  the  gray-white  sandstone 
and  gray  sandy  shale,  but  to  some  degree  it 
affects  also  the  coal  beds.  Nevertheless  the 
coal  beds,  although  they  are  lenticular,  are 
more  persistent  than  the  sandstone  and  shale 
with  which  they  are  interbedded.  Large  con- 
cretions of  iron  carbonate  which  weather  dark 
brown  or  black  occur  at  several  horizons. 
These  concretions  commonly  contain  barite, 
which  has  been  introduced  into  them  subse- 
quent to  the  deposition  of  the  strata,  and  many 
of  them  have  in  this  manner  been  converted 
by  veins  of  crystallized  barite  into  large  septa- 
ria.  The  Fruitland  formation  is  more  sandy 
than  the  overlying  Kirtland  shale,  into  which 
it  merges  by  a  gradational  zone  containing  in 
many  places  sandstone  lenses  that  are  appar- 
ently of  fluviatile  origin.  The  thickness  of  the 
Fruitland  formation  is  fairly  constant  in  this 
field,  ranging  from  194  to  292  feet.  (See  PI. 
LXV.)  The  fossils  of  this  and  the  succeeding 
formations  up  to  the  Puerco  are  listed  and  dis- 
cussed in  the  papers  by  Messrs  Gilmore,  Stan- 
ton, and  Knowlton  already  mentioned. 

XDtTLAND  SHALE. 

The  Eartland  shale  Ues  conformably  upon 
the  Fruitland  and  is  predominantly  clayey. 
The  name  is  taken  from  that  of  a  post  office  on 
San  Juan  River.  The  strata  are  composed 
mostly  of  gray  shale,  with  some  brown,  bluish, 
greenish,  and  yellowish  shales,  easily  weather- 
ing gray-white  sandstone,  and  the  brown 
resistant  sandstone  of  the  Farmington  member 
described  below.  Barite  occurs  in  concre- 
tions and  veins  in  these  strata.  The  eroded 
surface  of  the  Kirtland  shale  presents  a  billowy 
appearance,  with  well-roimded  surfaces.  It 
is  readily  affected  by  erosion,  giving  rise  to 
extensive  badlands.  The  shale,  so  far  as 
known,  is  of  fresh-water  origin,  although 
possibly  it  was  formed  in  deltas  and  lagoons. 
It  is  divided,  as  shown  in  the  San  Juan  River 
section  (A-A',  PL  LXV),  into  three  parts — a 
lower  shale  271  feet  thick,  a  sandy  part,  here 
named  the  Farmington  sandstone  member  (see 
PI.  LXVIII,  A),  and  an  upper  shale  110  feet 
thick  (see  Pis.  LXXI,  A,  and  LXVI,  O). 
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B.  OEOLOaiCAL  SURVCV  PROFESSIONAL  PAPER  M    PLATE  LXVf 


A.   KIRTLAND  SHALE  OVERLAIN   BY  WASATCH  B.    OUTCROP    OF    LEWIS    SHALE    ALONO 

FORMATION    ON   SOUTH   SIDE  OF  SAN   JUAN  CHACO  RIVER,  N.  MEX.,  1  MILE  EAST  OF 

RIVER    OPPOSITE    FARMINQTON,    N.    MEX.  POINT  WHERE  IT  CUTS  THROUGH  THE 

GREAT    HOGBACK. 

The  Great  Hooback  is  composed  of  rocks  of  the 
Mesaverde  formation  and  appears  in  tha  dis- 
tance. Exposure  shows  sandy  beds  in  the 
Lewis  shale.     View  looking  northwestward. 


J.  S,  GEOLOOICiL  SUnVEr  PROFEBSIONAL  PAPER  M     PLATE  UCVII 


PICTURED   CLIFFS   SANDSTONE   OVERLYING   LEWIS  SHALE   ON    NORTH    SIDE   OF 
COAL  CREEK,   N.    MEX.,  2    MILES   FROM    ITS   MOUTH. 
View  looking  we$tward. 


B.    OUTCROP    OF    LOWER    PART    OF    FRUITLANO     FORMATION    1     MILE    SOUTHWEST 
OF    HUNTER'S    STORE,    N.    MEX. 

Goal  bed  is  overlain  by  peculiarly  weathered  gray.while  sandstone.      Flat  in  foreground  underlain 
by  shale.     View  looking  southeastward. 


COTTONWOOD    ARROYO,    N.    MEX. 

nlreton  sandstone,  about  130  feel,  i 


B.    OJO    ALAMO    SANDSTONE    AT    OJO    ALAMO    STORE,    N.    MEX. 

Puerco  formation  overlying  Ojo  Alamo  sandstone  is  shown  in  the  distance.     View  looking  northward. 


8TBATIGEAPHY  OF  A  PART  OF  THE  CHACO  BIVEB  VALLEY. 


276 


i 


If) 


^s 


m 

M 


« 


!i'V 


* 


I?  I 


,1 


The  sandstone  member  forms  a  prominent 
bluff  on  San  Juan  River,  where  it  is  455  feet 

thick,  but  toward  the 
south  it  is  gradually 
replaced  by  lenses  of 
shale.  On  the  head  of 
Coal  Creek  the  mem- 
ber disappears  as  a 
mappable  unit,  and 
farther  south  it  is 
represented  only  by 
isolated  sandstone 
lenses  in  the  Eortland 
shale.  A  study  of  the 
sandstone  lenses 
making  up  the  Farm- 
ington  shows  that 
they  are  irregular  in 
thickness,  cross-bed- 
ded, and  composed 
almost  invariably  of 
two  parts — at  the  base 
an  easily  eroded  yel- 
lowish sandstone  car- 
rying clay  pellets  of 
various  sizes  and  in 
some  lenses  sandstone 

pebbles  similar  to  the 
matrix,  as  large  as  4 
inches  in  diameter, 
and  at  the  top  a  mark- 
edly resistant  bro¥ni- 
ish  sandstone  whose 
upper  portion  is  com- 
monly of  a  dark  choco- 
late-brown color  on 
the  exposed  surface 
and  dark  gray  on  the 
fresh  surface.  All 
the  lenses  in  the  Farm- 
ington  sandstone 
member  lie  on  more  or 
less  irregular  surfaces 
of  interbedded  shale 
and  exhibit  the  char- 
acteristics of  channel 
and  flood-plain  depos- 
its.  An  individual 
lens  will  usually  have 
a  maximum  thickness 
of  20  feet,  a  lateral 
extent  of   15  or   20 


I0> 


4A 


yards,  and  a  length  of  several  himdred  yards. 


The  upper  part  of  the  Eirtland  shale  (see  Pis. 
LXVII,  Aj  and  LXXI,  A)  is  remarkably  uni- 
form in  thickness  from  San  Juan  River  to  the 
southern  limit  of  the  area,  ranging  from  40  to 
1 10  feet.  It  is  composed  of  shale  and  lenses  of 
easily  weathered  gray-white  sandstone,  and  is 
thus  very  similar  to  the  lower  part.  It  is 
banded  in  many  places  with  various  colors, 
such  as  appear  in  the  lower  part  of  the  Kirtland, 
but  yellow,  blue-gray,  and  purphsh  beds  are 
more  conmion. 

OJO  ALAMO  SANDSTONB. 

Overlying  the  Eortland  shale  (see  PI.  LXXI, 
A)  with  apparent  conformity  is  a  thin  forma- 
tion of  conglomeratic  sandstone  and  shale. 
These  beds  were  first  described  by  Bamum 
Brown,^  of  the  American  Museum  of  Natural 
History,  New  York,  who  named  them  Ojo 
Alamo,  from  the  locality  in  which  they  were 
examined,  but  assigned  no  base  and  indicated 
no  relation  between  them  and  the  underlying 
beds.  On  Ojo  Alamo  Arroyo  Brown  found 
dinosaur-bearing  shale  below  a  conglomerate, 
which  is  overlain  unconf  ormably  by  the  Puerco 
formation.  The  following  statement  is  taken 
from  his  description: 

Lees  than  a  mile  south  of  the  store  at  Ojo  Alamo  the 
Puerco  fonnation  rests  unconformably  on  a  conglomerate 
that  is  composed  of  red,  gray,  yellow,  and  white  pebbles. 
*  *  *  Below  the  conglomerate  there  is  a  series  of  shales  and 
sandstones,  evenly  stratified  and  usually  horizontal.  *  *  * 

The  shales  below  the  conglomerate  that  contain  numer- 
ous dinosaur  and  turtle  remains  I  shall  designate  as  the  Ojo 
Alamo  beds.  They  were  estimated  to  be  about  200  feet 
thick,  but  owing  to  lack  of  time  I  was  unable  to  determine 
their  relation  to  the  underlying  formations. 

Later  Sinclair  and  Granger,'  of  the  same  in- 
stitution, while  making  a  thorough  investiga- 
tion of  the  Puerco  formation,  examined  the  Ojo 
Alamo  locality,  and  found  that  the  dinosaur- 
bearing  shale  on  Ojo  Alamo  and  Barrel  Spring 
arroyos  is  spUt  by  a  thin  conglomerate,  referred 
to  by  them  as  the  '* lower  conglomerate." 

According  to  their  interpretation 

The  Puerco  fonnation  rests  with  marked  erosional  un- 
conformity on  a  coarse  cross-bedded  conglomeratic  yellow- 
brown  sandstone    *    *    *    which   varies  in   thickness 

1  Brown,  Baniiim,  The  Cretaceoas  Ojo  Alamo  beds  of  New  Mezioo, 
with  description  of  the  new  dinoBaiir  genua  Kritoaaorus:  Am.  Mas.  Nat. 
Hist.  BuU.,  vol.  28,  pp.  267-274, 1910. 

s  Sinclair,  W.  J.,  and  Granger,  Walter,  Paleooane  deposits  of  the  San 
Juan  Basin,  N.  Max.:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  33,  pp.  207--816» 
1914. 
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from  28  to  66  feet.    [This  sandfitone]  rests  disconf onnably  on 

*  ♦  *  rusty-yeUow,  bluish,  greenish,  and  wine-red 
banded  clays  i»ith  lenses  of  yellow  channel  sandstone. 

*  *  *  A  maximum  thickness  of  some  58  feet  was  meas- 
ured for  this  member.  *  *  *  [It  contains]  abundant 
but  badly  crushed  dinosaur  bones,  ceratopsian,  tracho- 
donty  and  carnivorous,  also  turtles,  crocodiles,  and  gar- 
pikes.  [The  sandstone  lies  on  a  "lower  conglomerate,'* 
which]  varies  from  a  pebbly  sandstone  to  a  coaise  conglom- 
erate with  waterwom,  chatter-marked  quartzite,  jasper, 
andeeite,  and  porphyrite  pebbles.  *  *  *  Its  source  has 
not  been  traced.    Its  thickness  varies  from  6  to  8  feet. 

*  *  *  This  lower  conglomerate  lies  in  its  turn  discon- 
formably  on  a  series  of  bluish  shales,  or  rather  clay,  for 
they  are  quite  incoherent.  *  *  *  [This  shale  con- 
tains dinosaur  bones.]  A  trip  down  Ojo  Alamo  Arroyo  to  a 
point  some  8  miles  below  the  store  resulted  in  finding  turtle 
and  other  reptile  bones  in  shales  apparently  conformable 
with  those  just  mentioned. 

The  discrepancies  in  these  descriptions  and 
the  failure  of  these  investigators  to  assign  a 
stratigraphic  or  paleontologic  lower  Umit  to 
the  Ojo  Alamo  beds  call  for  a  more  accurate 
definition  of  them.  The  present  writer,  there- 
fore, made  a  careful  study  of  these  beds  in  the 
type  locality.  Sections  lettered  H  to  W  on 
PI.  LXX;  locations  of  H,  I,  U,  V,  and  W 
shown  on  PI.  LXIV,  and  of  J  to  T  on  PI. 
LXIX)  were  measured  and  compared.  On  Ojo 
Alamo  and  Barrel  Spring  arroyos  (see  PI.  LXXI, 
Ay  and  sections  O  to  S,  PI.  LXX)  the  suc- 
cession of  shale  and  conglomerate  as  described 
by  Sinclair  and  Granger  was  noted.  Section  P, 
measured  on  Ojo  Alamo  Arroyo,  shows  25  feet 
of  the  '* upper  conglomerate"  (see  PI.  LXVIII, 
B)  lying  on  the  34  feet  of  wine-red  and  bluish- 
gray  banded  shales  interbedded  with  lenses  of 
gray-white,  easily  eroded  sandstone.  This  in 
turn  hes  on  9  feet  of  poorly  consolidated  con- 
glomerate, which  has  an  irregular  base,  the 
irregularities  amoxmting  to  2  or  3  feet  in  a 
horizontal  distance  of  50  feet.  Below  the 
lower  conglomerate  is  a  bluish-gray  to  greenish- 
gray  shale,  banded  here  and  there  with  purplish 
beds  and  gray-white  sandstone  lenses.  This 
lower  shale  is  lithologically  similar  to  and  con- 
formable with  the  beds  below.  Both  of  the 
shales  just  mentioned  contain  dinosaur  and 
turtle  remains,  as  shown  in  section  Q,  measured 
on  Barrel  Spring  Arroyo.  However,  the  lower 
conglomerate  has  been  traced  laterally  to  points 
where  the  shale  between  it  and  the  upper  con- 
glomerate is  absent,  and  only  a  single  litho- 
logic  imit  is  present.  (See  sections,  PI.  LXX.) 
Moreover,    the   lower   shale   of   Sinclair   and 


Granger  is  hthologicaUy  like  the  shale  below  the 
lower  conglomerate  on  Ojo  Alamo  Arroyo  and 
is  dearly  a  part  of  the  Kirtland  shale.  Further- 
more, the  shale  that  lies  between  the  conglom- 
erate beds  on  Ojo  Alamo  and  Barrel  Spring 
arroyos  is  cut  in  many  places  by  irregular  lenses 
of  gray-white,  easily  eroded  sandstone,  which 
give  it  so  irregular  and  indefinite  an  outline  that 
it  is  not  mappable.  At  localities  H,  I,  J,  L,  M, 
T,  U,  V,  and  W  this  shale  is  not  a  definite  unit. 

As  Brown,  Granger,  and  Sinolair  do  not  agree 
on  the  upper  limit  of  the  formation,  Brown 
placing  it  at  the  base  of  the  ''upper  conglomer- 
ate" and  Sinolair  and  Granger  at  the  top,  and 
as  neither  of  them  assigned  a  lower  limit,  it  is 
necessary  to  redefine  the  lithologic  Ojo  Alamo 
as  determined  by  the  writer.  As  he  found  the 
formation  to  be  essentially  a  sandstone  includ- 
ing lenses  of  shale  and  conglomerate,  it  seems 
desirable  to  call  it  Ojo  Alamo  sandstone  and 
to  define  it  as  consisting  on  Ojo  Alamo  Arroyo 
of  two  conglomeratic  beds  and  the  shale  lenses 
which  they  include.  Its  thickness  where  it  is 
overlain  by  the  Puerco  formation  (see  sections 
H,  N,  S,  and  T)  ranges  from  63  to  110  feet. 

About  70  per  cent  of  the  pebbles  of  the  Ojo 
Alamo  are  of  jasper, variously  colored  chert,  or 
pink  or  white  quartzite.  Of  the  remainder, 
pebbles  of  sandstone,  andeeite,  f  elsite,  porphy- 
rite, gneiss,  and  schist  are  fairly  common,  and 
pebbles  of  granite  and  obsidian  are  also  present. 
Practically  all  the  pebbles  are  well  rounded. 
They  range  in  size  from  sand  grains  to  a  few 
that  are  6  inches  in  diameter.  The  Ojo  Alamo 
sandstone  is  highly  oross-bedded,  and  the  peb- 
bles occur  at  different  horizons  or  are  scattered 
through  it  irregularly.  In  some  places  the 
lower  20  or  30  feet  of  it  is  almost  lacking  in 
pebbles.  On  Ojo  Alamo  Arroyo  the  lower  bed 
of  conglomerate  is  poorly  consolidated,  but  on 
the  south  side  of  Barrel  Spring  Arroyo  it  is 
quartzitic  and  very  resistant,  capping  several 
low  buttes  in  the  vicinitv.  Between  localities 
U  and  V  also  the  lower  bed  is  very  resistant, 
forming  the  cap  rock  for  many  small  buttes. 

PUEBCO  AND  T0BSS70N  FOBMATIONS. 

The  Puerco  formation  (see  Pis.  LXVIII,  5, 
and  LXXI,  B)  overlies  the  Ojo  Alamo  sand- 
stone with  an  imconformity  by  erosion,  the 
irregularity  in  the  contact  where  seen  amount- 
ing to  15  or  20  feet,  but  no  discordance  of  dips 
between  the  two  formations  was  noted.   ^ 
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Considerable  interest  has  been  attached  to 
the  Puerco  formation  because  of  the  primitive 
mammalian  fauna  which  it  contains  and  be- 
cause it  is  confined;  so  far  as  known,  to  the  San 
Juan  Basin  in  New  Mexico,  though  Torre j  on 
manmials  haye  been  collected  from  the  Fort 
Union  of  Montana.* 

The  Puerco  was  first  described  by  Cope  *  in 
1875.  He  believed  it  to  overlie  the  "Laramie " 
conformably '  on  evidence  presented  tp  him  by 
David  Baldwin,  a  collector,  who  obtained  most 
of  the  fossils  from  the  Puerco  for  Cope.  How- 
ler, Cope  also  states  in  his  paper  on  the  Eocene 
plateau  that  the  Eocene  Wasatch  overUes  the 
Puerco  "with  apparent  conformability." 

Endlich  *  and  Holmes,*  in  their  early  recon- 
naissance work  in  Colorado  and  New  Mexico, 
apparently  mistook  the  Eortland  shale,  or,  as 
Gardner  •  suggests,  the  lower  members  of  the 
Wasatch,  for  the  Puerco,  inasmuch  as  typical 
Puerco  manmials  have  not  been  found  outside 
of  a  small  area  near  the  center  of  the  San  Juan 
Basin  in  New  Mexico  and  have  not  been  foimd  in 
the  deposits  described  by  Endlich  and  Holmes. 

The  collecting  by  Baldwin  imder  Cope's 
direction  was  actively  carried  on  at  intervals 
from  1880  to  1885,  and  numerous  articles  on 
the  fauna  were  published.  In  1892  J.  L. 
Wortman  took  up  the  problems  connected 
with  the  Puerco  and  headed  an  expedition  to 
the  San  Juan  Basin.  His  results  were  sum- 
marized in  a  paper  by  Osbom  and  Earle,^ 
in  which  is  quoted  a  statement  from  Wort- 
man's  notebook  that  "the  Puerco  beds  so  far 
as  can  be  observed  lie  conformably  upon  the 
Laramie."  Wortman  again  visited  the  region 
in  1896  and  added  much  to  the  collections 
already  obtained.  W.  D.  Matthew  •  then  began 
a  systematic  study  of  the  Puerco  f  aima,  and  in 
1897  his  paper  on  it  was  published. 

>  Douglass,  Earl,  The  discovery  of  Torrejon  mammals  In  Montana: 
Science,  new  ser.,  yol.  15,  pp.  272-273, 1002. 

s  Cope,  S.  D.,  The  Eocene  plateau:  Chief  Eng.  Ann.  Rept.  for  1875, 
pt.  2,  Appendix  01,  ch.  6,  pp.  1006-1017. 

*  Cope,  £.  D.,  The  relations  of  the  Puerco  and  Laramie  deposits:  Am. 
Naturalist,  vol.  10,  pp.  085-086, 1885. 

« Endlich,  F.  M.,  The  San  Juan  region:  U.  S.  Oeol.  and  Geog.  Surrey 
Terr.  Ninth  Ann.  Rept.,  for  1375,  pp.  180-100, 1877. 
ft  Holmes,  W.  H.,  La  Plata  Valley:  Idem,  pp.  245-267. 

•  Gardner,  J.  H.,  The  Puerco  and  Torrejon  formations  of  the  Naci- 
miento  group:  Jour.  Geology,  vol.i8.  No.  8,  pp.  702-741, 1010. 

7  Osbom,  H.  F.,  and  Earle,  Charles,  Fossil  mammals  of  the  Puerco 
beds,  collection  of  1802:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  7,  pp.  1-2, 1805. 

>  Matthew,  W.  D.,  A  revision  of  the  Puerco  fauna:  Am.  Mus.  Nat. 
HUt.  Bull.,  yol.  0,  pp.  250-323, 1807. 


In  1907  J.  H.  Gardner,*  in  connection  with 
the  mapping  of  the  coal  beds  in  this  area,  made 
some  observations  on  the  Puerco.  His  con- 
clusions were  published  in  1910.*®  His  work 
was  followed  by  the  careful  study  of  the  Puerco 
and  Torrejon  formations,  including  extended 
collecting,  in  1912-13  by  Walter  Granger  and 
W.  J.  Sinclair,  whose  stratigraphic  results  were 
published  in  1914." 

The  Puerco  formation  was  not  studied  in 
detail  by  the  present  writer,  and  only  its  gen- 
eral features  will  be  set  forth  here.  It  is  very 
lenticular  and  irregular  in  bedding  and,  like 
the  underlying  beds,  is  of  fluviatile  origin.  It 
consists  of  clay,  sandy  shale,  easily  weathered 
sandstone,  and  resistant  sandstone.  The 
striking  feature  of  the  Puerco  formation,  aside 
from  its  mammaUan  fauna,  is  its  color,  which 
is  predominantly  bluish  gray  and  gray-whito, 
but  banded  .with  lemon-yellow  sand  and  wine- 
red  clay.  It  contains  also  lenses  and  concre- 
tions of  resistant  sandstone  cemented  with 
manganese  dioxide,  which  are  almost  black 
and  present  a  bold  contrast  to  the  other  strata 
of  the  region.  Barite  is  common  in  isolated 
concretions,  as  well  as  in  veins  and  in  sheets. 

The  Puerco  is  overlain  by  the  Torrejon  for- 
mation, which  is  very  similar  to  it  Uthologioally 
and  was  not  separated  from  it  by  the  writer 
in  mapping.  Owing  to  the  close  similarity  in 
lithology  such  separation  of  the  Puerco  and 
Torrejon  (see  PL  LXXI,  B)  as  has  been  made  in 
the  past  has  depended  entirely  on  fossil  collec- 
tions,*' and  although  the  fossils  seem  to  indicate 
an  unconformity  between  the  two  formations 
the  writer  has  yet  found  no  stratigraphic  rea- 
son for  such  division. 

WASATCH  FOBMATION. 

The  Wasatch  formation,  which  probably 
exceeds  2,000  feet  in  thickness  in  the  San  Juan 
Basin,  overlies  the  Torrejon  unconformably 
and  overlaps  upon  the  Ojo  Alamo  and  Kirt- 

•  Gardner,  J.  H.,  The  coal  field  between  Oallina  and  Raton  Spring, 
N.  Hex.,  in  the  San  Juan  coal  region:  U.  8.  Oeol.  Surrey  Bull.  341,  pp. 
335-351, 1000. 

10  Gardner,  J.  H.,  The  Puerco  and  Torrejon  formatlODS  of  the  Naci* 
miento  group:  Jour.  Geology,  vol.  18,  No.  8,  pp.  702-741, 1010. 

^1  Sinclair,  W.  J.,  and  Granger,  Walter,  Paleocene  deposits  of  the  San 
Juan  Basin,  N.  Mex.:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  33,  pp.  207-316, 
1914. 

tt  Matthew,  W.  D.,  A  provisional  classification  of  the  fresh-water  Ter- 
tiary of  the  West:  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  12,  pp.  l»-77, 1800. 
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land  formations.  It  consists  of  an  alternation 
of  conglomerate,  conglomeratic  sandstone,  and 
shale.  The  basal  member  of  the  formation  on 
San  Juan  River  (see  PI.  LXVI,  A)  has  a  thick- 
ness of  80  to  100  feet  and  consists  of  a  well- 
indurated  conglomeratic  sandstone  which  con- 
tains pebbles  of  crystalline,  volcanic,  and  sedi- 
mentary rocks.  The  pebbles  range  from  sand 
grains  to  pebbles  8  inches  in  diameter  and,  to- 
gether with  the  cross-bedding  of  the  formation, 
suggest  deposition  by  fairly  rapid  streams. 
This  lower  member  of  the  Wasatch  is  separated 
from  a  similar  member  above  it  by  50  to  75  feet 
of  greenish-gray  and  yellowish  sandy  shale  and 
a  few  thin  beds  of  carbonaceous  shale.  This 
alternation  of  shale  and  conglomeratic  sand- 
stone is  repeated  many  times  in  the  section  ex- 
posed along  San  Juan  River.  The  formation 
was  not  studied  in  detail  and  only  its  base,  was 
mapped.  One  collection  of  fossil  leaves  from 
the  Wasatch  at  locality  9  (see  PI.  LXIV)  is 
discussed  below  by  F.  H.  Bjiowlton: 

This  material  is  very  fragmentary.  It  includes,  appar- 
ently, two  ferns,  one  Pteris-like  and  the  other  Anemia-like, 
but  neither  is  sufficiently  well  preserved  to  be  identified. 
There  is  also/a  monocotyledon  that  may  be  a  palm  ray  or  a 
large  leaf  of  a  sedge.  The  only  dicotyledon  present  is  a 
Sapindus  not  unlike  a  large  leaflet  of  S.  anguatifolia  Les- 
quereux,  a  Green  River  species. 

This  lot  appears  to  be  Tertiary,  but  it  is  too  fragmentary 
to  place  positively. 
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rtidnd  shale  in  foreground.  Conical  butte  capped  with  lower  part  of  Ojo  Alamo  sandstone. 
Butte  at  left  consists  of  Kirtland  shalo  at  base,  overlain  by  conglomeratic  sandstone  of  Ojo 
Alamo,  and  that  in  turn  by  the  middle  or  shale  member  of  the  same  formation,  with  pebbles 
from  the  disintegrated  upper  conglomeratic  member  scattered  over  the  top. 


£.    EXPOSURE  OF  PUERCO  AND  TORREJON  FORMATIONS  MAKING  BADLANDS  IJi  MILES 
ABOVE    STORE    ON    OJO    ALAMO    ARROYO,   N.    HEX. 

Sk/  line  in  center  of  view  shows  evenness  of  interstream  areas,  which  form  a  westward-slopinn 
plain  along  Chaco  River,  the  same  plain  as  that  shown  infioure  27.  Altitude  of  plain,  about 
6,400  feet. 


2.  VERTEBRATE  FAUNAS  OF  THE  OJO  ALAMO,  KIRTLAND,  AND  FRUITLAND 

FORMATIONS. 


By  Charles  W.  Gilmobe. 


INTRODUCTION. 

The  presence  of  dinosanrian  fossil  remains 
near  Ojo  Alamo,  in  the  northwestern  part  of 
the  San  Juan  Basin,  N.  Mex.,  was  first  reported 
by  George  Pepper,  of  the  Hyde  Exploring  Ex- 
pedition, in  1902.  Dinosanrian  fossils  from  the 
San  Juan  Basin  were  known,  however,  as  early 
as  1885.  Cope  ^  identified,  in  collections  made 
by  David  Baldwin,  teeth  pertaining  to  the 
genera  Dysganus,  Laelaps,  and  Diclonius.  None 
of  these  are  now  recognized  as  valid  genera.  In 
1904  Bamum  Brown,  of  the  American  Museum 
of  Natural  History,  New  York,  made  a  short 
reconnaissance  trip  into  this  region  and  pro- 
cured a  small  but  interesting  collection  of  ver- 
tebrate fossils,  including  specimens  that  were 
later  made  the  types  of  Kritosaurus  navajovius 
Brown,  Theacdua  rapiens  Hay,  Aayideretes  f<m- 
ianus  Hay,  A.  vorax  Hay,  and  A.  austerus  Hay. 
In  1908  James  H.  Gardner,  while  engaged  in 
field  work  for  the  United  States  Geological  Sur- 
vey, made  a  small  collection  of  fragmentary 
vertebrate  remains,  and  the  next  summer,  1909, 
accompanied  by  J.  W.  Gidley,  of  the  United 
States  National  Museum,  he  obtained  a  second 
small  collection.  Two  of  the  turtle  specimens 
collected  by  Mr.  Gardner  were  selected  by  O.  P. 
Hay  as  the  types  of  the  species  Adocus  vigoraiua 
Hay  and  BasUemys  nobUis  Hay. 

In  1912  Walter  Granger  and  W.  J.  Sinclair 
visited  this  region  and  as  an  incidental  part  of 
their  work  in  the  overlying  Puerco  and  Torre- 
jon  deposits  made  a  small  collection  of  reptilian 
fossils  from  the  Ojo  Alamo  sandstone,  in  which 
a  second  specimen  of  Kriiosaurus  navajovius 
was  recognized  and  bones  of  Monoclonius  and 
Deinodon  were  noted  for  the  first  time. 

During  the  field  season  of  1915  a  party  imder 
the  leadership  of  C.  Max  Bauer,  assisted  by 
J.  B.  Reeside,  jr.,  made  the  most  extensive  and 
best  collection  of  fossil  vertebrate  remains  yet 
procured  from  this  area. 

1  Cope,  E.  D.,  Tbe  relatioDS  of  tbe  Pueroo  and  Laramio  deposits:  Am. 
NatunUst,  vol.  10,  pp.  98&-086, 1885. 


In  the  present  paper  I  have  brought  together 
all  the  information  obtainable  relating  to  the 
extinct  vertebrate  faima  of  the  Ojo  Alamo 
sandstone  and  of  the  deposits  that  immediately 
underUe  that  formation.  A  considerable  num- 
ber of  genera  and  species  have  now  been  de- 
scribed in  widely  scattered  pubUcations,  and 
these  descriptions  are  here  compiled  as  an  aid 
to  future  students. 

O.  P.  Hay  and  Bamum  Brown  have  been  the 
chief  contributors  to  our  knowledge  of  this 
faima,  and  I  have  made  free  use  of  their  arti- 
cles. The  original  descriptions  of  such  genera 
or  species  as  have  been  established  on  speci- 
mens from  these  deposits  are  given  in  full,  fol- 
lowed by  such  comments  and  emendations  as 
more  recent  discoveries  and  additional  material 
render  possible. 

I  wish  here  to  acknowledge  my  indebtedness 
to  Dr.  L.  M.  Lambe,  of  the  Geological  Survey 
of  Canada,  and  Dr.  W.  D.  Matthew,  of  the 
American  Museum  of  Natural  History,  New 
York,  for  furnishing  me  with  excellent  photo- 
graphs of  the  skulls  of  Gryposaurus  and  Krito- 
saurus,  here  reproduced;  and  to  Mr.  Bamum 
Brown,  also  of  the  American  Museum  of  Natu- 
ral History,  for  valuable  assistance  in  identify- 
ing specimens. 

THE  VERTEBRATE  FAUNA. 

The  known  vertebrate  faima  of  the  dinosaur- 
bearing  beds  in  the  San  Juan  Basin  in  northern 
New  Mexico  consists  of  a  considerable  number 
of  genera  and  species,  but  many  of  them  have 
been  identified  from  material  so  insufficient  and 
fragmentary  that  it  is  quite  impossible  to  define 
them  properly.  A  few,  however,  are  fairly 
diagnostic,  so  that  comparison  with  related 
forms  of  other  geologic  formations  serves  to 
give  some  clue  as  to  the  age  of  the  deposits 
from  which  these  specimens  were  obtained. 

In  the  preceding  paper  of  this  series  Mr. 
Bauer  has  subdivided  the  dinosaur-bearing 
deposits  into  three  formations — (1)  the  upper- 
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most,  or  Ojo  Alamo,  as  named  by  Brown,*  now 
restricted  to  include  only  the  upper  sandstone, 
conglomerates,  and  interbedded  shale  lenses, 
(2)  the  Kirtland,  and  (3)  the  Fruitland.  Verte- 
brate fossils  are  found  throughout  these  de- 
posits, though  they  appear  to  occur  most  abun- 
dantly in  the  Ojo  Alamo  and  the  upper  part  of 
the  Kirtland,  sparsely  in  and  below  the  Farm- 
ington  sandstone  member  of  the  Kirtland,  and 
more  abundantly  in  the  Fruitland. 

Material  is  not  yet  available  for  determining 
whether  these  formations  can  be  said  to  carry 
distinctive  vertebrate  f aimas.  The  faunas  as 
now  known  are  as  follows: 

Qjo  Alamo  sandntone: 
Dinoflauria: 

Kritosaurus  navajovius  Brown. 

Monocloniufl  sp. 

Deinodon? 
Ghelonia: 

BaBilemyB  nobiliB  Hay. 

Adociis?  vigoratua  Hay. 

Aspideretes  vorax  Hay. 

Aspideretes  fontanuB  Hay. 

Aspideretes  austenis  Hay. 

Thescelus  raplens  Hay. 

Compsemys  sp. 
Grocodilia: 

Crocodiles. 
Pisces: 

Lepisosteus  sp. 
Kirtland  shale: 
Dinosauria: 

Kritosaurus  navajovius  Brown. 

Carnivorous  dinosaurs. 

Ceratopsian  dinosaurs. 

Armored  dinosaur  (Ankylosauridae). 
Chelonia: 

Baena  nodosa  n.  sp. 

Neurankylus  baueri  n.  sp. 

Aspideretes  sp. 

Adocus  sp. 

Plastomenus  sp. 
Crocodilia: 

Crocodiles. 

Brachachampea  sp. 
Pisces: 

Lepisosteus  sp. 

Myledaphus  sp. 
Fruitland  formation: 
Dinosauria: 

Monoclonius? 

Carnivorous  dinosaurs. 
Chelonia: 

Adocus?  lineolatus  Cope. 

Aspideretes  austerus  Hay. 
Pisces: 

Lepisosteus  sp. 

^  Brown,  Bamum,  The  Cretaceous  Ojo  Alamo  beds  of  New  Mexico, 
with  description  of  the  new  dinosaur  genus  Kritosaurus:  Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  28,  pp.  267-268, 1910. 


No  mammal,  bird,  or  amphibian  remains 
have  yet  been  recorded  from  these  formations. 
The  fishes  are  represented  by  two  genera,  Lepi- 
sosteus and  Myledaphus,  neither  of  which  have 
any  value  in  correlation.  The  same  may  be  said 
of  the  Crocodiha.  The  Chelonia  are  the  best 
represented,  nine  genera  and  eight  species  hav- 
ing been  recognized,  and  systematic  collecting 
would  doubtless  add  several  more.  Unfortu- 
nately, more  than  half  of  the  described  species 
have  been  founded  upon  fragmentary  material, 
and  it  is  with  difficulty  that  they  are  compared 
with  better-preserved  specimens  of  other  geo- 
logic horizons.  With  the  exception  of  Adocus  t 
lineolatus  Cope  all  the  recognized  species  have 
been  based  on  specimens  collected  from  these 
formations,  so  that  they  offer  but  little  aid  in 
correlation.  The  discovery  in  the  Kirtland 
shale  of  the  genus  Neiu'ankylus  is  significant, 
as  previously  it  has  been  known  by  a  single 
specimen  from  the  Belly  River  formation.  Bdsl- 
Umys  nohilis  Hay,  from  the  Ojo  Alamo,  has 
its  closest  affinities  in  an  undescribed  specimen 
from  the  Two  Medicine  formation,  of  Montana, 
a  formation  that  is  in  part  equivalent  to  the 
Judith  River.  According  to  Hay,  Thescelus 
rapiens  appears  to  approach  Thescelus  insUiens 
from  the.  lower  Lance,  but  Baena  nodosa  offers 
no  dose  comparisons. 

The  dinosaurs  were  apparently  the  predomi- 
nating vertebrates  of  these  times,  and  they 
afford  the  best  basis  for  a  comparison  with  forms 
f  oimd  elsewhere.  The  Trachodontidae  and  Cer- 
atopsidae  give  the  most  information  relative  to 
the  age  of  these  deposits.  The  finding  of  the 
genus  Kritosaurus,  known  elsewhere  only  from 
the  Belly  River;  the  presence  of  trachodont 
teeth  with  papillate  borders,  a  condition  here- 
tofore f oimd  only  in  forms  from  the  Niobrara, 
Judith  River,  Belly  River,  Two  Medicine,  and 
Edmonton  formations;  and  the  finding  of  max- 
illae having  42  rows  of  teeth,  whereas  none  of 
the  known  specimens  from  the  Lance  formation 
have  less  than  52  vertical  rows,  all  constitute  a 
combination  of  evidence  showing  a  greater  an- 
tiquity than  Lance  time  for  the  beds  from  which 
these  specimens  were  obtained. 

The  Ceratopsia  give  corroborative  evidence 
of  this  conclusion,  as  shown  by  specimens  found 
in  the  Ojo  Alamo  and  Fruitland  formations 
which  are  provisionally  identified  as  pertaining 
to  the  genus  Monoclonius.  Regardless  of  the 
uncertainty  of  the  generic  designation  of  these 
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specimens,  they  unquestionably  represent  the 
so-called  primitive  ceratopsians,  none  of  which 
are  found  in  beds  younger  than  the  Edmonton, 
Brown  *  has  recently  said,  in  regard  to  the 
age  of  the  Ojo  Alamo  formation: 

The  vertebrate  fauna  is  distinctly  older  than  that  of 
the  Lance.  I  have  expressed  the  opinion  that  it  was  com- 
parable to  the  Edmonton,  but  from  the  recent  discovery 
of  Kritoeaurus  in  the  Belly  River  formation  and  the  primi- 
tive structure  of  the  contemporary  dinosaurs  the  Ojo  Alamo 
beds  appear  to  be  synchronous  with  the  Judith  (Belly 
River)  formation. 

These  conclusions  were  based  by  Brown  on 
specimens  collected  in  the  upper  200  feet  of 
deposits  that  immediately  underlie  the  Puerco, 
and  it  is  quite  likely  that  some  of  these  forms 
came  from  beds  now  included  in  the  Kirtland 
shale.  However  that  may  be,  Brown  has  now 
established  the  geologic  position  of  the  type  of 
Eritosaurus  navajovius  as  below  the  lower  con- 
glomerate and  therefore  in  the  Eirtland  shale, 
but  the  subsequent  discovery  of  a  second  speci- 
men of  the  same  species  above  the  lower  con- 
glomerate shows  that  the  basis  for  his  original 
contention  is  not  altered  by  this  later  subdivi- 
sion of  the  deposits.  In  the  Bauer  collection 
of  1915  was  a  ceratopsian  ischium  from  the  Ojo 
Alamo  sandstone  identified  as  pertaining  to 
Monoclonius,  a  Judith  River  and  Belly  River 
genus.  This  occurrence  and  the  presence  in 
the  same  formation  of  the  turtle  BasUemys 
nobiUs  Hay,  which  has  its  closest  aflBnities  with 
a  Two  Medicine  form,  both  support  Brown's 
contention. 

Although  much  is  needed  in  the  way  of  better 
material  before  it  will  be  possible  to  determine 
even  approximately  the  vertebrate  faunas  of  the 
Ojo  Alamo  and  underlying  formations,  enough 
is  already  known  to  indicate  their  diversity. 
The  discovery  of  two  new  species  of  turtle, 
NeuranJcylus  baueri  and  Baena  nodosa,  seems 
to  indicate  that  a  careful  and  systematic  search 
of  these  areas  for  vertebrate  remains  would  be 
well  rewarded. 

After  a  study  of  the  material  in  the  United 
States  National  Musemn  collections  from  this 
area,  and  after  reviewing  the  Uterature  in  which 
specimens  from  these  formations  have  been  de- 
scribed, I  conclude  that  the  vertebrate  remains 
from  the  Ojo  Alamo,  Kirtland,  and  Fruitland 

^  Brown,  Bamum,  Cretaoeous- Eocene  correlation  in  New  Mexico, 
Wyoming,  Kontana,  and  Alberta:  Qeol.  Soc.  America  Bull.,  vol.  25, 
p.  380, 1914. 


formations  show  beyond  all  question  that  they 
pertain  to  a  fauna  or  faunas  distinctly  older 
than  that  of  the  Lance,  and  that  such  evidence 
as  there  is  contributes  to  the  support  of  Brown's 
contention  that  the  Ojo  Alamo  sandstone  is 
synchronous  with  the  Judith  River  and  Belly 
River  formations  as  found  in  areas  to  the  north. 

Class  BXPTHilA. 
Order  DINOSAUBIA. 

That  the  deposits  in  the  San  Juan  Basin 
contain  a  rich  dinosaurian  fauna  is  clearly 
indicated  by  the  discovery  of  numerous  frag- 
mentary remains  at  many  localities.  In  the 
collection  made  by  Mr.  Bauer  in  1915  speci- 
mens sufficiently  perfect  to  be  identified  as 
dinosaurian  were  found  in  no  less  than  35 
localities  and  at  several  horizons.  These 
specimens  consist  chiefly  of  limb  bones,  ver- 
tebrsB,  skull  fragments,  and  detached  teeth. 
The  greater  number  of  them  were  chalcedo- 
nized,  a  condition  common  in  the  Two  Medi- 
cine formation  of  northwestern  Montana  and, 
as  Brown'  has  pointed  out,  also  *'in  the 
Judith  River,  but  never  observed  in  the 
Laramie.*'  (By  '^Laramie''  I  take  it  he 
means  the  Lance.)  Only  two  of  the  three 
suborders  into  which  the  Dinosauria  are  sub- 
divided have  yet  been  recognized.  The  Pre- 
dentata  are  represented  by  trachodont  and 
ceratopsian  remains,  and  the  Theropoda,  or 
flesh-eating  dinosaurs,  by  numerous  detached 
teeth  and  fragmentary  bones.  Specimens  rep- 
resenting the  Omithopoda,  or  *' bird-footed*' 
dinosaurs,  have  not  yet  been  foimd,  but  it 
may  be  confidently  expected  that  larger  col- 
lections will  contain  representatives  of  thia 
group  also. 

Suborder  PSEDSNTATA. 
Family  T&ACHODONTIDiE  Marsh. 
Kritosaunis  navaJoTiiis  Brown. 

Plate  LXXII,  A;  Plate  LXXIII,  figuree  3  and  5. 

Kritoaavrus  navajoviua  Brown,  Am.  Mufl.  Nat.  Hist.  Bull., 
vol.  28,  pp.  269-274,  pie.  28,  29,  text  figs.  2-7, 1910. 

Sinclair  and  Granger,  Am.  Mus.  Nat.  Hist.  Bull.,  vol. 
33,  pp.  301,  303, 1914. 

Brown,  Geol.  Soc.  America  Bull.,  vol.  25,  p.  380, 1914. 

The  present  genus  and  species  were  founded 
upon  a  weathered  skuU,  lower  jaws,  and  atlas,  of 

» Brown,  Bamam,  The  Cretaoeous  Ojo  Alamo  beds  of  New  Mexico, 
with  description  of  the  new  dinosaur  genus  Krltosaurus:  Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  2S,  p.  268. 1910. 
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which  the  skull  and  jaws  are  shown  m  Plates 
LXXII,  A,  and  LXXIII,  figure  5.  It  was  de- 
scribed by  Brown  as  follows: 

Type  of  spedes,  No.  5799,  American  Museum  collec- 
tion. 

Oeneric  diaraetert. — SkuU  deep;  muzzle  narrow;  frontalB 
short,  orbital  portion  reduced,  barely  coming  to  the  border 
of  the  orbit;  nasals  and  premaxillaries  very  long,  quad- 
rate elongate;  quadratojugal  short  anteropoeteriorly,  com- 
pletely separating  quadrate  and  quadratojugal.  Mandib- 
ular rami  massive;  edentulous  portion  decurved.  Teeth 
spatulate  in  lower  jaw. 

Specific  diaraeters. — Maxillary  teeth  smooth  on  borders. 
Mandibular  teeth  papilUte  on  borders,  median  carina  low, 
predentary  deep  and  massive.  Free  edentulous  portion 
of  dentary  not  covered  by  predentary,  short. 

The  skuU  is  that  of  an  old  individual,  and  most  of  the 
sutures  are  obliterated  by  exfoliation.  When  found  it 
was  almost  completely  weathered  out  and  the  anterior 
end  was  in  a  very  fragmentary  condition.  It  was  impos- 
sible to  place  many  of  these  fragments  in  the  restoration 
and  where  there  was  no  contact  the  bones  were  left  out. 
The  dentary  and  predentary  were  perfectly  preserved, 
thus  determining  the  length  of  the  skull.  The  nasals  were 
restored  after  the  skull  of  Trachodon  (Diclonius)  Cope,  and 
the  premaxiUaries  according  to  the  relative  size  between 
the  predentary  and  premaxillary  in  that  species,  which 
necessarily  made  the  rostrum  much  deeper. 

SKULL. 

The  skull  is  very  deep  and  more  massive  than  in  any 
heretofore-described  species  of  the  family,  and  its  elements 
in  general  follow  the  Trachodon  form,  but  with  the  follow- 
ing distinct  modifications:  Premaxillaries  and  rostrum 
proportionately  shorter  than  in  Trackodan  {Diclonitu)  mi- 
rabUia  or  Claoaaurua  annectens  Marsh.  Frontal  short 
anteroposteriorly,  prefrontal  and  postfrontal  almost  ex- 
cluding it  from  the  border  of  the  orbit.  Paroccipital 
process  of  exoccipital  actually  and  relatively  longer  than 
in  Trachodon.  Orbital  opening  proportionately  smaller 
and  laterotemporal  fenestra  proportionately  laiger  than  in 
Trachodon.  Quadrate  and  jugal  completely  separated  by 
quadratojugal,  the  exposed  part  of  which  is  short  antero- 
posteriorly and  vertically  high.  Ectopterygoid  extend- 
ing forward  to  the  union  of  the  maxillary  and  the  jugal. 

LOWER  JAW. 

The  lower  jaw  in  form  resembles  more  closely  Judith 
River  than  Laramie  [Lance]  species.  Its  edentulous  por- 
tion not  covered  by  predentary  is  shorter  than  in  any 
Laramie  [Lance]  form. 

Predentary. — The  two  predentaries  are  firmly  coossified, 
forming  a  single  element,  but  clearly  show  their  union  in 
the  median  line.  Its  lateral  borders  are  massive  and 
nearly  vertical,  forming  a  x)owerful  clipping  instrument, 
whereas  in  all  Laramie  [Lance]  fonns  Uiey  are  delicate 
and  conform  to  the  shape  of  the  rostral  bones.  The 
anterior  upper  border  is  very  rugose  and  is  perforated  by 
two  parallel  series  of  vascular  foramina,  resembling  alve- 
oli, but  which  pass  obliquely  downward  and  open  on  the 
outer  surface.  Each  arm  of  the  (1  terminates  in  a  short 
rounded  inner  and  a  longer  outer  process.    On  the  pos- 


terior lower  border  in  the  center  there  are  two  procesKS, 
an  inner  short,  free  tongueUke  process  which  separates 
the  upper  anterior  ends  of  the  dentaries  and  a  longer, 
wider  process  which  underlies  the  symphysis.  The  latter 
process  is  broken  near  its  origin  and  shows  no  indication 
of  bifurcation. 

DerUary. — ^This  element  is  very  massive.  The  edentu- 
lous portion  is  about  one-fourth  of  its  entire  length,  is 
strongly  decurved,  and  near  the  symphysis  curves  inward. 
The  coronoid  process  rises  opposite  the  last  row  of  teeth, 
as  in  the  genus  Trachodon,  but  the  backward  prolongation 
of  the  surangular  gives  it  the  appearance  of  being  further 
forward.  It  is  intermediate  in  position,  in  relation  to  the 
complete  mandible,  between  Trachodon  and  the  Euro- 
pean genus  Hecataaaurus.^ 

SurangiUar. — ^The  surangular  is  proportionately  longer 
than  in  Trachodon.  Its  anterior  vertical  process  Is  trun- 
cated obliquely  and  expanded  to  continue  the  posterior 
lower  border  of  the  coronoid  process.  Posteriorly  it 
broadens  and  furnishes  four-fifths  of  the  articular  surface 
for  the  quadrate. 

Articular, — ^The  articular  forms  the  extreme  end  of  the 
jaw  and  is  wedged  in  between  the  posterior  ends  of  the 
surangular,  angular,  and  splenial.  It  furnishes  about 
one-fifth  of  the  articular  surface  for  the  quadrate,  in  front  of 
which  it  contracts  to  a  thin  wedge  but  does  not  reach 
forward  to  the  end  of  the  dentary  process. 

Splenial, — ^The  splenial  follows  the  usual  Trachodon 
form. 

Angular, — ^The  angular  is  very  long  and  narrow.  Pos- 
teriorly its  lower  border  is  visible  on  the  outside  of  the  jaw. 
Anteriorly  it  forms  the  lower  border  of  the  Meckellan 
groove  and  extends  nearly  to  the  middle  of  the  dentary. 

TEETH. 

Two  distinct  types  of  teeth  appear  in  the  family  Tra- 
chodontidte.  In  the  earliest  representatives  known,  Cla- 
osaurus  agUiB  Marsh,  from  the  Niobrara,  and  species  from 
the  Judith  River  beds  that  have  been  referred  to  Tracho- 
don, the  enamel  face  of  mandibular  teeth  is  spatulate  in 
form  and  papillate  on  the  borders.  In  the  larger  Laramie 
[Lance]  Cretaceous  species  the  enamel  face  of  the  man- 
dibular teeth  is  diamond-shaped,  with  smooth  borders. 

The  teeth  of  K.  navajovitu  are  of  the  primitive  form .  [See 
PL  LXXIII,  fig.  3.]  Both  upper  and  lower  series,  re- 
spectively, are  laiger  than  in  any  described  species  of  the 
family.  In  the  mandibular  series  there  are  42  vertical 
rows  of  teeth.  On  the  triturating  surface  one  tooth,  en- 
amel bearing,  a  half-worn  tooth,  and  an  indefinite  number 
of  worn  roots  appear  in  each  row.  The  enamel  face  of  each 
tooth  is  spatulate  and  rather  sharply  pointed  at  the  sum- 
mit; 'median  carina  low;  lateral  surface  flat;  borders  not 
raised  above  the  flat  surface  and  sparsely  studded  with 
enamel  papillse  that  apparently  lack  definite  arrangement. 

In  the  maxillary  series  there  are  47  vertical  rows,  and 
never  more  than  two  enamel-bearing  teeth  appear  on  the 
triturating  surface  in  each  row.  They  are  smooth  on  the 
borders  and  very  strongly  curved  transversely;  median 
carina  very  high. 

I  To  replace  Llmnosanras  Nopcsa,  IMO;  preoccupied  by  X<fiiiioM«ni« 
tiphodon  Marsh,  1871,  Acad.  Nat.  Scl.  Philadelphia  Proc.,  vol.  23,  p.  104. 
Type,  LimnonuTut  tran$tplnnieut  Nopcsa,  Akad.  Wlaa  Denkschr., 
vol.  68,  pp.  655-Wl,  1900. 


VEBTEBBATE  FAUNAS  OF  THE  OJO  ALAMO. 


283 


MEilBURBMKNTS. 

Skull. 

Mfflimstars. 

Length,  aa  restored 995 

Width  acroes  frontal  above  orbits 220 

Width  across  proximal  ends  of  quadrate 350 

Width  across  distal  ends  of  quadrate 490 

Frontal,  length  anteroposteriorly 198 

Parietal,  length 113 

Supratemporal  vacuity,  length 140 

Supratemporal  vacuity,  width 100 

Quadrate,  height 516 

Quadratojugal,  exposed,  length  anteroposteriorly 42 

Quadratojugal,  exposed  height 160 

Ectopterygoid,  length 190 

Lower  jaw. 

Length  without  predentary 775 

Predentary,  length 240 

Angular,  length 250 

Splenial,  length 260 

Articular,  length 95 

Teeth. 

Dental  series,  upper  jaw,  length 410 

Tooth,  mid-section,  lower  jaw,  length 45 

Tooth,  mid-section,  lower  jaw,  width 15 

Four  years  later  Lambe  *  described  the  new 
genus  and  species  Gryposaurus  notabUia,  from 
the  Belly  River  formation  of  Canada,  based  on 
a  beauttfully  preserved  skull  (see  PI.  LXXII, 
B)f  with  which  was  associated  a  considerable 
part  of  the  skeleton,  including  some  areas  of 
skin  impressions.  In  a  report  made  to  Sinclair 
and  Granger  and  included  in  their  paper  on  the 
Paleocene  deposits  of  the  San  Juan  Basin  *  Brown 
calls  attention  to  the  description  of  Gryposaurus 
notahUis  Lambe,  and  remarks :  ''  In  all  respects, 
including  the  remarkable  development  of  the 
nasals,  premaxillaries,  and  predentary  and  re- 
duction of  the  orbital  portion  of  the  frontal, 
this  skull  agrees  with  the  type  of  Eritosaurus, 
and  there  is  no  doubt  of  their  identity.'' 

In  this  conclusion  Brown  is  undoubtedly 
correct,  but  in  justice  to  Lambe  it  should  be  ex- 
plained that,  although  Brown  had  one  of  the 
characteristic  nasal  bones,  it  was  not  inserted 
in  the  restored  skull  as  figured  by  him  (see  PI. 
LXXII,  A),  because  there  was  no  contact  with 
contiguous  parts,  and  the  absence  of  this  por- 
tion undoubtedly  led  Lambe  into  the  unfortu- 
nate error  of  establishing  a  genus  which  now 

1  Lambe,  L.  M.,  On  Gffpomurtu  notabilUf  a  new  genus  and  species 
of  tradiodont  dinosaur  from  the  Belly  River  formation  of  Alberta,  with 
a  description  of  the  skull  of  CluuniomuTtu  beUi:  Ottawa  Naturalist, 
Tol.27,  pp.  14S-149,  pi.  18,  February,  1314. 

I  Am.  Mus.  Nat.  Hist.  Bull.,  vol.  33,  pp.  297-316,  June,  1914. 
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proves  to  be  a  synonym  of  the  earlier 
described  Kritosaurus. 

As  has  been  pointed  out  by  Brown,  the  dis- 
covery of  Kritosaurus  in  the  Eirtland  and  Ojo 
Alamo  beds  has  an  important  bearing  on  the 
relative  age  of  these  formations  and  would  ap- 
pear to  indicate  that  they  are  synchronous  with 
the  Judith  River  formation. 

In  his  origmal  paper  Brown  failed  to  state 
the  geologic  level  where  the  type  specimen  was 
found,  but  in  a  letter  to  me  dated  February 
26,  1916,  he  says:  ^'Eritosaurus  navajovius 
came  from  the  upper  part  of  what  is  designated 
by  Bauer  as  the  Kirtland  formation/'  At  the 
time  he  wrote  the  original  description  of  this 
dinosaur  Brown  considered  the  Ojo  Alamo 
formation  as  extending  downward  at  least  200 
feet  below  the  Puerco-Torrejon  contact,  so 
that  he  assigned  this  specimen  to  that  forma- 
tion. 

Although  the  type  specimen  was  foimd  in 
the  Ejrdand  shale,  a  trachodont  maxillary, 
with  fragments  of  the  skull,  collected  by  Sin- 
clair and  Granger  ''a  few  feet  above  the  con- 
glomerate separating  the  two  horizons  at  which 
dinosaur  bones  were  found,"  has  been  identified 
by  Brown  as  pertaining  to  Kritosaurus  navor 
joviuSf  thus  demonstrating  the  occurrence  of 
this  genus  and  species  in  the  Ojo  Alamo  sand- 
stone, as  now  defined  by  Bauer. 

In  addition  to  the  papillate  borders  of  the 
mandibular  teeth,  which  indicate  a  greater  an- 
tiquity than  Lance  for  Ejitosaurus,  the  smaller 
number  of  vertical  rows  in  the  dental  maga- 
zines also  points  to  the  same  conclusion. 
Lambe'  from  excellent  material  defines  the 
genus  as  follows: 

SlniU  laige,  narrow,  and  very  deep,  with  highly  arched 
naseJs.  The  lower  anterior  border  of  the  premaxillse  ex- 
panded laterally.  Orbit  much  smaller  than  the  lateral 
temporal  fossa.  Quadrate  high,  partially  separated  from 
the  jugal  by  a  small  quadratojugal.  Mandible  robust. 
Predentary  expanded  laterally  and  deflected  in  the  hinder 
half,  and  posteriorly  bifurcated  below  at  the  midline. 
Neural  spines  of  the  anterior  dorsal  vertebrse  long.  Ischia 
not  expanded  distally.  Body  covered  with  small,  polyg- 
onal, nonimbricating,  tuberculate  scales  of  rather  uni- 
form size. 

In  figure  28  is  shown  a  lateral  view  of  an 
anterior  dorsal  vertebra  of  a  large  trachodont 
dinosaur,  provisionally  identified  as  pertaining 
to  the  genus  Kritosaurus.    The  great  height 

»  Op.  cit.,  pp.  145-146. 
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of  the  neural  spine,  the  rdatively  small  size  of 
the  centrum,  Uie  weakness  of  the  neural  arch, 
with  broad,  oval  neiiral  canal,  and  the  ante- 
rior z^apophjses  close  togeUier  and  lower 
than  the  posterior  zygapophyses,  are  all  fea- 
tiues  in  close  accord  with  the  anterior  dorsals 
of  the  type  specimen  of  Hypacrosaurus,  from 
the  Edmonton  and  Two  Medicine  formations. 
The  above-stated  combination  of  characters 
at  once  distinguishes  this  vertebra  from  all 
known  Lance  trachodonts,  but  as  both  Lambe 


.,  No.  S3M, 

and  Brown  have  described  Kritosaurus  as 
having  tall  spines  on  the  anterior  dorsals,  it 
can  with  greater  propriety  be  referred  to  that 
genus  until  such  time  as  the  discovery  of  un- 
doubted remains  of  Hypacrosatirus  show  its 
presence  in  the  Kirtland  shale. 

The  only  important  character  wherein  this 
vertebra  differs  from  the  type  of  Hypacrosau- 
rus is  the  lack  of  an  opening  in  the  thin  plate 
which  descends  from  a  point  between  the  pos- 
terior zygapophyses  to  the  upper  median  bor- 


der of  the  neural  canal.  This  vertebra  was 
associated  with  a  number  of  dorsal  and  caudal 
vertebral  centra,  a  scapula  (see  PI.  LXXm,  fig. 
2),  the  proximal  half  of  a  femur,  portions  of 
two  ribs,  and  fragmentary  portions  of  other 
bones.  A  small  trachodont  femur  in  this  same 
lot  shows  that  more  than  one  individual  is 
represented  by  this  collection,  so  it  can  not  be 
positively  asserted  that  all  the  bones  enumer- 
ated above  pertain  to  a  sii^e  individual. 

These  bones  were  collected  by  Messrs.  Bauer 
and  Keeeide  "2  nules  northwest  of  Ojo  Alamo 
store,  in  an  arroyo  north  of  Ojo  Alamo  Arroyo, 
at  a  horizon  25  feet  below  the  upper  conglom- 
erate of  Sinclair  and  Granger  [that  is,  in  the  Kirt- 
land  Bhale].  There  is  no  lower  congbmerate 
here."     (See  locality  60,  section  F,  PL  LXIV.) 

Other  trachodont 


Specimens  sufficiently  characteristic  to  be 
identified  as  pertaining  to  the  Trachodontidee 
were  found  by  the  Bauer  party  in  the  localities 
described  in  the  followii.ig  paragraphs.  Tho 
localities  are  indicated  by  numbers  on  the  map 
(PI.  LXIV). 

"Canyon  Ojo  Amarillo,  2  miles  east  of  Chaco 
River,  10  miles  south  of  San  Juan  River"  (lo- 
cality 14,  section  B).  Fruitland  formation.  A 
pair  of  maxiUffi  containing  badly  blattered 
teeth.  In  the  better-preserved  maxillary  there 
are  42  vertical  rows  of  teeth,  a  feature  that 
would  of  itself  serve  to  distinguish  this  speci- 
men from  all  known  Lance  trachodonts,  which, 
as  shown  by  specimens  in  the  United  States 
^National  Museum  collections,  have  from  52  to 
57  vertical  rows.  The  bordera  of  the  teeth  are 
smooth,  as  in  the  upper  jaw  of  Kritosaurus, 
but  in  the  type  of  that  genus  there  are  47  ver- 
tical rows,  so  that  until  the  range  of  variation 
in  the  number  of  rows  is  determined  it  would 
be  unsafe  to  refer  the  present  specimen  to  the 
genus  Kritosaurus.  The  length  of  the  dental 
scries  is  367  millimeters,  whereas  in  the  type 
of  Kriiomunts  navajoviua  Brown  it  measures 
410  millimeters. 

View  Point,  5  miles  northwest  of  Pina  Veta 
China"  (locality  35,  section  C).  Kirtland shale. 
Small  portion  of  the  dentary  of  a  trachodont 
dinosaur. 

View  Point,  5  miles  northwest  of  Pina  Veta 
China"  (locality  34,  section  C).  Farmington 
sandstone  member  of  the  Kirtland  shale.     Dis- 
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tal  end  of  a  humerus  and  centrum  of  a  caudal 
vertebra. 

''About  23  miles  south  of  Farmington,  near 
the  reservation  line,  1  mile  north  of  Brimhall 
Store"  (locality  46,  section  D).  Uppermost 
part  of  the  Kirtland  shale.  Two  anterior  cau- 
dal vertebrsd  of  a  large  individual. 

''About  30  miles  south  of  Farmington  and  4 
miles  east  of  reservation  line''  (locality  80,  sec- 
tion E).  Lowermost  part  of  the  Kirtland 
shale.    Phalanges  and  cervical  vertebrae. 

"About  4i  miles  northwest  of  Ojo  Alamo 
store,  on  head  of  Hunter  Wash;  25  feet  below 
Ojo  Alamo"  locality  53,  section  E).  Upper- 
most part  of  the  Eortland  shale.  Right  femur 
of  very  lai^e  individual. 

"About  2  miles  south  of  Fruitland,  100  feet 
above  the  top  of  the  Pictured  Cliffs  sandstone  " 
(locality  6,  section  A).  Fruitland  formation. 
Centrum  of  a  caudal  vertebra. 

"One  mile  north  of  west  of  Ojo  Alamo  store; 
25  feet  below  the  upper  conglomerate  of  Sin- 
clair and  Granger.  There  is  no  lower  conglom- 
erate at  this  point;  it  is  apparently  consolidated 
with  the  upper"  locality  62,  section  F).  Up- 
permost part  of  the  Kirtland  shale.  Portion  of 
the  dentary. 

"About  1}  miles  southwest  of  Ojo  Alamo 
store,  half  a  mile  west  of  wagon  road;  8  feet 
above  base  of  lower  conglomerate  of  Sinclair 
and  Granger"  (locality  65,  section  F).  Ojo 
Alamo  sandstone.  Axis  with  fused  odontoid 
process.  This  specimen  was  submitted  to 
Bamum  Brown,  of  the  American  Museum  of 
Natural  History,  New  York,  who  reports :  ' '  The 
axis  with  fused  odontoid  process  is  probably 
trachodont,  possibly  Kritosaurus,  but  it  does 
not  agree  with  any  of  the  material  we  have  in 
our  collections." 

"One  mile  north  of  west  of  Ojo  Alamo  store, 
in  small  basin  north  of  Ojo  Alamo  Arroyo;  20 
feet  below  the  conglomerate  of  Sinclair  and 
Granger,  lower  and  upper  combined"  locality 
62,  section  F).  Uppermost  part  of  the  Kirt- 
land shale.  Two  caudal  vertebrae  and  portions 
of  a  pelvic  bone. 

"lliree  miles  northwest  of  Ojo  Alamo  store; 
40  feet  below  the  lower  conglomerate  "  (locality 
66,  section  E).  Uppermost  part  of  the  Kirt- 
land shale.    Portion  of  the  right  dentary. 

"North  side  of  Barrel  Springs  Arroyo,  half  a 
mile  west  of  wagon  road  from  Ojo  Alamo;  10 


feet  above  lower  conglomerate"  (locality  63, 
section  F).  Ojo  Alamo  sandstone.  Fragmen- 
tary teeth. 

"North  side  of  Barrel  Spring  Arroyo,  about 
1^  miles  southwest  of  Ojo  Alamo  store;  20  feet 
below  the  lower  conglomerate"  locality  66, 
section  F).  Uppermost  part  of  the  Eartland 
shale.  Considerable  part  of  the  dentary  with 
fragments  of  teeth.  The  teeth  have  papillate 
borders,  and  it  appears  likely  that  this  speci- 
men pertains  to  the  genus  Kritosaurus. 

"  One  mile  east  of  Pina  Vita  China,  about  20 
feet  below  the  conglomerate"  (locality  42,  sec* 
tion  C).  Upper  part  of  the  Kirtland  shale. 
Portion  of  a  left  dentary. 

noBily  CSBATOPSIDX  litnli. 
MoBOdoiiiiu?  sp. 

The  first  Monoclonius-like  remains  from  the 
Ojo  Alamo  sandstone  were  reported  by  Brown  ^ 
in  1910.    He  says: 

The  ceratopaian  fragments  were  Bmall  Bections  of  char- 
acteriatic  squamoflal  bones,  not  collected ,  and  part  of  a 
supraorbital  horn,  No.  6798  of  the  American  Museum  ool- 
lectbn.  Both  ends  of  this  specimen  are  broken,  but  very 
little  is  gone  from  the  upper  end.  It  is  120  millimeters 
long,  180  millimeters  in  circumference  at  the  base,  and 
90  millimeters  in  circumference  at  the  upper  end ;  subo vate 
in  cross  section  and  strongly  decurved  near  the  upper  end, 
having  a  greater  curve  on  ^e  convex  than  on  the  concave 
surface.  1 1  is  much  smaller  and  lacks  the  vascular  grooves 
that  characterize  the  horns  of  the  genus  Triceratops  and, 
judging  by  the  form  and  size,  approaches  nearest  Mono- 
cloniuB  recurvicomU,  of  the  Judith  River  formation,  from 
which,  however,  it  is  distinct.  3f.  recurvicomis  is  pro- 
portionately shorter  and  more  robust.  The  squamosal 
fragments  of  another  individual  observed  in  the  field  were 
much  thinner  than  that  bone  in  the  genus  Triceratops  but 
similarly  marked  by  deep  vascular  grooves.  The  horn 
and  other  skull  fragments  were  apparently  from  a  mature 
animal  representing  a  ceratopsian  genus  smaller  than 
either  Triceratops  or  Torosaurus,  but  the  remains  are  too 
fragmentary  for  characterization. 

The  Bauer  collection  contains  fragmentary 
ceratopsian  remains  from  no  less  than  seven 
localities.  The  better-preserved  specimen  (cat- 
alogue No.  7347,  U.  S.  N.  M.),  from  Amarillo 
Canyon,  ''10  miles  south  of  San  Juan  River 
and  2i  miles  east  of  Chaco  River''  Gocality 
18,  section  B,  PI.  LXIV),  "150  feet  above  the 
base  of  Fruitland  formation,"  consists  of  the 
coossified  atlas,  axis,  third  and  fourth  cervical 

1  Brown,  Bamnin,  The  Cretaceous  OJo  Alamo  beds  of  New  Mexkx), 
with  description  of  the  new  dinosaur  genus  Krltooaurus:  Am.  Hus.  Nat. 
Hist.  Bull.,  vol.  28,  pp.  268-260. 1910. 
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Tertebne,  considerable  portions  of  several  dor- 
sal and  caudal  vertebne,  parts  of  two  pubea, 
and  fragments  of  other  bones.  All  this  mate- 
rial apparently  pertuns  to  one  individual. 

In  figure  29  are  shown  comparative  views  of 
the  anterior  cervicals  of  TricercUops  prorsua, 
Monoclonius  crassus,  and  the  specimen  here  dis- 
cussed. The  distinctness  of  the  latter  two 
from  Triceratops  is  at  once  apparent,  and  while 
in  a  general  waj  the  anterior  cervicals  of  the 
present  specimen  approach  those  of  H.  crassus, 


quite  possible  that  if  more  perfect  material 
were  available  it  might  be  found  referable  to 
some  of  the  other  genera  now  known  from  the 
Judith  River,  Belly  River,  and  Edmonton  for- 
mations, but  regardless  of  the  tmcertainty  of 
the  generic  disposition  of  this  specimen,  it  rep- 
resents one  of  the  primitive  ceratopsians,  none 
of  which  are  found  in  deposits  younger  than 
the  Edmonton. 

Specimens  sufficiently  characteristic  to  be 
identified  as  pertaining  to  ceratopsian  dinosaurs 


TiaoHiat.— A,  ADMrior  Mivlal  vertebne  ol  Trkmtopt  jmrivi  tbrsb.type.  No.  ISU,  Yale  Miu.,  oufrelgbtb  natural  site,  a.  Anterior  face  of 
atlaa;  p,  posterior  fue  olflftti  vertebra;  r,  rib;  i,  neuial  spine  ol  axis;  i* ,  usiual  spine  of  fonrtb  cerrln];  t",  neural  spine  of  BRb  oervlcal;  i', 
poaterlor  iTgapopbyses.  (Alter  Uanb.)  B.  Atlas,  axli.  and  Iblrd  and  lourtb  eervleal  vertebrs  of  Manodmiiu  cnunu  Cope,  No.  30)8,  Am. 
Uiu.Nat.  Ht>t.,u>aenlrom  thelell  side,  type,  one-fourth  natural  site.  a.  Anterte  end ;  p,  posterior  end;  I,  It,  lit,  TV,  oerrloals.  (After 
Eatcber.)    C,  Atlas,  axis,  and  tblrd  and  fourtb  oervical  vertebne  of  IfaandanlasT,  No.  KIT,  U.  S.  N.  It..  oifrAlth  utunl  ilie. 


a  detailed  comparison  shows  many  minor  dif- 
ferences, sufficient  to  indicate  at  least  their  spe- 
cific distinctness.  The  dorsals  shown  in  fig- 
ure 30  also  indicate  the  close  resemblance  of 
this  specimm  to  Monoclonius. 

On  account  of  the  close  resemblance  of  these 
bones  I  now  refer  the  material  provisionally  to 
the  genus  Monoclonius.  That  it  represents  one 
of  the  ao-called  primitive  ceratopsians  there 
can  be  no  question,  for  its  relatively  small  size 
would  of  itself  distinguish  it  from  all  known 
ceratopsians   of   the   Lance  formation.     It  is 


were  found  by  the  United  States  Geolf^cal 
Survey  expedition  of  1915  at  the  following 
localities  (shown  on  PI.  LXIV) : 

"North  side  of  Barrel  Spring  Arroyo,  about 
1  milesouthofOjo  Alamo  store,  1,000  feet  west 
of  wagon  road ;  1 1  feet  above  base  of  lower  con- 
glomerate of  Sinclair  and  Granger"  Qocality 
67,  section  F),  Oj'o  Alamo  sandstone.  Frag- 
ments of  ceratopsian  teeth. 

"About  4  miles  west  of  Fanuington,  a  quarter 
of  a  mile  east  of  Mesa  Point,  and  1  mde  south  of 
San  Juan  River;  40  feet  below  the  Wasatch 
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conglomerate"  Qocality  8,  section  A).  Upper- 
most part  of  the  Kirtland  Bhale.  Froxima] 
portion  of  an  ischium  (No.  8359,  U.  S.  N.  M.) 
of  a  ceratopsiao  dinosaur.  This  bone  can  be 
clearly  distinguished  from  the  ischia  of  Tri- 
ceratops,  but  I  am  unable  to  identify  it  with 
any  of  the  other  ceratopsian  genera,  though 
its  small  size  shows  it  to  pertain  to  some  of  the 
smaller  members  of  the  group.' 

"North  aide  of  Barrel  Spring  Arroyo,  about 
1^  miles  southwest  of  Ojo  Alamo  store;  1  foot 
above  base  of  lower  conglomerate  of  Sinclair 
and  Granger"  (locality  69,  section  F)  Ojo 
Alamo  sandstone.  Fragments  of  the 
frill  of  a  ceratopsian  dinosaur,  not 
determinable. 

"North  side  of  Barrel  Spring  Ar- 
royo, 1  \  miles  southeast  of  Ojo  Alamo 
store;  15  feet  above  base  of  Ojo 
Alamo"  Qocality  68,  section  F).  Ojo 
Alamo  sandstone.  Fragments  of  the 
frill  of  a  ceratopsian  dinosaur.  The 
deep  radiating  vascular  impressions 
on  the  upper  surfaces  of  these  frag- 
ments are  very  similar  to  those  found 
in  the  genus  Triceratops.  Brown'  has 
evidently  found  similarly  grooved 
bones.     He  says: 

The  Bquamoaal  fragmenta  of  another  iiidi- 
vidiml  observed  in  the  field  were  much  thin- 
ner than  that  bene  in  Tricentops  but  siiiiilarly 
marked  by  deep  vascuUr  grooves.  The  hom 
and  other  skull  fragmenla  were  apparently 
from  a  mature  animal  representing  a  cerato]>-  f^q^i  30.. 
man  genus  smaller  than  either  Tricwatops  or  u.  s.  N. 
ToroeauTUB,  but  the  remains  are  too  (ragmeD-  Am.  Km. 
tary  for  chamcteriBation. 

Similar  fragments  discovered  in  1908  by 
James  H.  Gardner,  of  the  United  States 
Geological  Survey,  near  the  head  of  Coal  Creek, 
I  mile  southeast  of  Ojo  Alamo,  were  identified 
by  me  as  pertiuning  to  the  genus  Triceratops. 
It  would  now  appear  that  this  identification  was 
in  error. 

"North  aide  of  Barrel  Spring  Arroyo,  half  a 
mile  west  of  wagon  road  from  Ojo  Alamo; 
10  feet  above  'lower'  conglomerate"  Qocality 
63,  section  F).  Ojo  Alamo  sandstone.  Teeth 
of  a  ceratopsian  dinosaur,  not  determinable. 


Tkmllr  ANX  y  LO  BATTXID A  Brown. 

The  presence  of  armored  dinosaurs  in  the 
deposits  of  the  San  Juan  Basin  is  now  shown 
by  the  discovery  of  a  right  humerus  (No.  8360, 
U.  S.  N.  M.)  collected  by  J.  B.  Reeside,  jr., 
"  2  miles  northwest  of  Ojo  Alamo  store,  20  feet 
below  the  conglomerate "  Qocality  59,  sec- 
tion E).     Kirtland  shale. 

This  specimea  was  placed  in  the  hands  of 
Mr.  Bamum  Brown,  of  the  American  Museum 
of  Natural  History,  who  reports  as  follows: 

The  humerus  is  that  o(  a  genus  of  the  AnkyloeauridK. 
It  agrees  in  size  and  form  with  one  of  our  specimens  from 


I  SluM  tlu  Kbove 

to  Ur.  Bartiiim  Brown,  of  tba  Anwrkan  Uuseum  at  Natural  Hlitorj, 
uid  hersportiu  followi:  "  The  iKbluiD  Is  uiMloabtcdIj  tbat  alUooo- 
clonhu.  II  igrcH  In  form  uidiluiwltlitliatotRikslctisicaUnitsdlwt 
yeartroni  the  Belly  Ritfr  ol  Alberts— UanodoRliujIattt." 

'  Am.  Um.  Nat.  Hist.  Bull.,  vol.  38,  p.  3X,  WIO. 


idlm  donsi  Tortebrff,  uiterlDr  vtaw: 
aD^-tciurth  natural  ■!».    B,  ifatwdmlut  enmu  Cope,  No.  MK, 
Nat.  HiM.,  one-Iourtb  ntursi  alu.   e,  Cipltular.    (Altar  Hatdwr.) 


the  Belly  River  of  Alberta.  I  have  not  yet  named  this 
genua  but  am  working  on  it.  This  genua  is  typical  of  the 
Belly  River  of  Alberta  and  not  found  in  the  Edmonton  or 
l4Uice  formations. 

Suborder  THXBOPOIU. 

FunUr  HIOALOSAirBIDX. 

DeinodonT 

Plate  LXXIII,  figures  1  and  4. 

In  the  collection  made  by  Sinclair  and 
Granger  ia  1913  were  separate  teeth  which 
Brown'  has  provisionally  identified  as  pertain- 
ing to  the  genus  DeinodoD. 

The  Bauer  collection  also  contains  detached 
teeth  that  are  identical  in  every  way  with  those 
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figured  by  Leidy^  as  Deinodon  harridus  (see 
PI.  LXXin,  fig.  4),  but  in  view  of  the  paucity 
of  our  knowledge  concerning  the  complete 
dentition  of  the  several  genera  of  carnivorous 
dinosaurs  now  named,  and  especially  as  the 
few  dentitions  known  show  so  considerable  a 
d^ree  of  differentiation  of  the  teeth  in  differ- 
ent parts  of  the  jaws,  the  provisional  reference 
of  detached  teeth  to  a  genus  based  on  such  ma- 
terial is  in  the  highest  degree  conjectural  and 
can  serve  no  useful  purpose.  If  such  material 
were  discussed  under  the  heading  ^'carnivorous 
dinosaurs"  quite  as  much  information  would 
be  conveyed  to  the  reader  and  the  discussion 
would  perhaps  be  less  misleading. 

Specimens  like  these  have  no  value  for 
correlation,  as  similar  teeth  are  found  in  the 
Judith  River,  Belly  River,  Two  Medicine,  and 
Lance  formations. 

A  list  of  localities  and  horizons  where 
detached  teeth  of  carnivorous  dinosaurs  were 
foimd  is  given  below: 

Five  miles  west  of  Pina  Veta  China;  in  Farm- 
ington  sandstone  member  of  Eartland  shale, 
100  feet  above  its  base  Gocality  47,  section  D, 
PI.  LXIV). 

A  single  tooth  (PL  LXXIII,  fig.  4;  No. 
8355,  U.  S.  N.  M.)  resembling  in  nearly  every 
detail  the  D-shaped  tooth  figured  by  Leidy.' 

''One  mile  south  of  camp  No.  6,  30  miles 
south  of  Farmington,  1  mile  east  of  reserva- 
tion; upper  part  of  coal-bearing  beds,  10  feet 
above  highest  coal"  (locality  76,  section  E). 
Fruitland  formation.  Tooth  fragments  of  car- 
nivorous dinosaur. 

"About  39  nules  south  of  Farmington  and 
4'  miles  east  of  reservation  line"  (locality  80, 
section  E) .  Lower  part  of  Kirtland  shale,  350 
feet  above  base.  Fragmentary  teeth  of  car- 
nivorous dinosaurs. 

''North  side  of  Barrel  Spring  Arroyo,  about 
a  mile  south  of  Ojo  Alamo  store,  1,000  feet 
west  of  wagon  rqad;  about  11  feet  above  base 
of  'lower  conglomerate'  of  Sinclair  and 
Oranger"  (locality  67,  section  F).  Ojo  Alamo 
sandstone.  Tooth  of  large  carnivorous  dino- 
saur. 

'^ One  mile  north  of  west  of  Ojo  Alamo  store; 
25  feet  below  the  upper  conglomerate  of  Sin- 
clair and  Granger.  There  is  no  lower  con- 
glomerate at  this  point;  it  is  apparently  con- 

>  Leldy,  Joseph,  Extinct  Vertebrata  from  the  Judith  River  and  Qreat 
lignite  formation  of  Nebraska:  Am.  PhUos.  Soc.  Trans.,  vol.  11,  pi.  0, 
figs.  41-45, 1850. 

•  Idem,  figs.  41, 43. 


solidated  with  the  upper"  (locality  62,  section 
F).  Kirtland  shale.  Tooth  of  carnivorous 
dinosaur. 

''Two  miles  northwest  of  Ojo  Alamo  store; 
20  feet  below  the  conglomerate  of  Sinclair  and 
Granger"  (locality  59,  section  E).  Upper  part 
of  Kirtland  shale.  Median  phalange  of  small 
carnivorous  dinosaiu*;  tooth  of  large  carnivo- 
rous dinosaur. 

*'  North  side  of  Barrel  Spring  Arroyo,  half  a 
mile  west  of  wagon  road  from  Ojo  Alamo;  10 
feet  above  'lower'  conglomerate"  (locality  63, 
section  F).  Ojo  Alamo  sandstone.  Teeth  of 
carnivorous  dinosaurs. 

In  Plate  LXXIII,  figure  1,  is  shown  a  left 
dentary  (No.  8346,  U.  S.  N.  M.)  of  a  carnivo- 
rous dinosaur  collected  by  J.  B.  Reeside,  jr., 
"28  miles  south  of  San  Juan  River  and  about 

12  miles  east  of  the  Navajo  Reservation  line  at 
the  head  of  Hunter  Wash"  (locality  60,  sec- 
tion F,  PL  LiXIV),  from  the  upper  part  of 
the  Eortland  shale.  In  this  bone  are  sockets 
for  13  large  teeth,  but  except  a  germ  tooth  in 
the  ninth  alveolus  from  the  front  all  the  others 
have  been  lost.  This  germ  tooth  is  compressed 
laterally,  lenticular  in  section  in  the  upper  por- 
tion, and  serrate  on  both  borders.  It  is  indis- 
tinguishable from  some  of  the  detached  teeth 
found  at  other  localities  by  the  Bauer  party. 
The  13  alveoli  occupy  a  space  about  354  milU- 
meters  long.  At  the  third  alveolus  the  dentary 
on  the  external  side  had  a  depth  of  93  milli- 
meters; at  the  eleventh  alveolus  it  is  110  milli- 
meters deep.  As  in  the  other  Cretaceous 
Theropoda,  the  alveolar  partitions  expand  in- 
ternally into  interdental  rugossB. 

In  the  number  of  tooth  sockets  this  jaw 
agrees  with  Dynamasaurus  imperoaus  Osbom,' 
but  in  the  general  form  of  the  dentary,  par- 
ticularly the  contour  of  the  anterior  end,  it 
approaches  Albertosaurus  *  (Dryptosaurus) 
most  nearly,  but  as  the  dentary  of  Alberto- 
saurus has  sockets  for  15  teeth  the  presence  of 

13  in  this  Individual  would  appear  to  show  its 
distinctness. 

It  is  quite  possible  that  this  dentary  per- 
tains to  the  genus  Deinodon,  but  that  can  not 
be  determined  at  this  time  because  the  dentary 
of  that  genus  is  unknown.  The  identification 
of  this  specimen  must  therefore  await  the  dis- 
covery of  additional  material. 

*Osbom,  H.  F.,  Tjrrannosaunis  and  other  Cretaceous  oamivorous 
dinosaurs:  Am.  lius.  Nat.  Hist.  Bull.,  vol.  2t,  p.  363, 1905. 
<  Idem,  p.  365. 
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Older  CBOCODIUA. 

The  presence  of  crocodiles  in  the  San  Juan 
Basin  is  shown  by  numerous  shed  teeth  in  the 
collection  made  by  the  Bauer  party  in  1915. 
Differences  observed  in  these  teeth  would  ap- 
pear to  indicate  the  presence  of  two  or  more 
species,  but  it  is  quite  impossible  to  identify 
species  or  even  genera  from  these  simple  con- 
ical teeth.  Similar  teeth  have  been  frequently 
f oimd  in  the  Judith  River,  Belly  River,  Two 
Medicine,  and  Lance  formations,  and  until 
identifiable  specimens  are  found  these  detached 
teeth  can  have  no  value  for  cor- 
relative purposes. 

Crocodile  remains  were  collected 
at  the  localities  shown  in  Plate 
LXIV  and  described  below. 

''One  mile  south  of  camp  No.  6, 
30  miles  south  of  Farmington,  1 
mile  east  of  reservation"  (locality 
76,  section  E).  Fruitland  formation. 
Teeth. 

''About  30  miles  south  of  Farm- 
ington and  4  miles  east  of  reserva- 
tion line"  (locality  80,  section  E). 
Lower  part  of  Kirtland  shale* 
Teeth  and  limb  bone. 

"North  side  of  Barrel  Spring  Ar- 
royo, about  a  mile  south  of  Ojo 
Alamo  store"  (locality  67,  section 
F).  Ojo  Alamo  sandstone.  Teeth 
and  dermal  scute. 

"One  mile  north  of  west  of  Ojo 
Alamo  store"  Gocality  63,  sec- 
tion F).    Ojo  Alamo  sandstone.    Tooth. 

FknUly  ALUQATOBID2. 
Bmchychampsa  sp. 

The  genus  Brachychampsa^  is  based  on  a 
well-preserved  skull  containing  teeth,  from  the 
Lance  formation  as  exposed  on  Hell  Creek, 
Mont. 

In  the  Bauer  collection  are  detached  teeth 
which  I  am  unable  to  distinguish  from  those 
of  the  type  specimen  of  Brachychampsa  and 
which  in  all  probability  should  be  referred  to 
that  genus.  The  United  States  National 
Museum  collections  contain  similar  teeth  from 
the  Judith  River  and  Lance  formations,  so 
that  in  the  present  state  of  our  knowledge  these 
detached  teeth  have  no  value  as  formation 
indicators. 

*  Oilmore,  C.  W.,  A  new  fossil  alligator  from  the  Hell  Creek  beds  of 
Montana:  U.  8.  Nat.  Mus.  Prod  vol.  41,  pp.  297-802,  pis.  20-27, 1911. 


Brachychampsa  teeth  have  been  found  in 
two  localities  in  the  San  Juan  Basin,  both 
in  the  Eartland  shale — "30  miles  south  of 
Farmington  and  4  miles  east  of  the  reservation 
line/'  and  "  30  miles  south  of  San  Juan  River 
and  5^  miles  east  of  the  reservation  line,  on  a 
trail  up  Hunter  Arroyo"  (lociaUty  72,  section 
E,  PI.  LXIV). 

Order  CHELONIA. 

Altogether  eight  genera  and  nine  species  of 
fossil  turtles  are  now  recognized  from  the  Ojo 
Alamo  sandstone  and  the  inmiediately  under- 


FiouBB  31.— Carapace  of  Neunnkplut  eximhu  Lambe.    Type.    Huseum  of  the  Canada 
Oeologioal  Sorrey,  Ottawa/  One-third  natural  sixe.   (After  Lambe.) 


lying  formations.  Of  the  eight  recognized 
species  only  one  has  been  foimd  elsewhere, 
the  others  being  based  on  specimens  obtained 
from  these  deposits.  Unfortimately,  at  least 
half  of  these  species  are  founded  on  very  frag- 
mentary specimens,  for  the  most  part  fragments 
of  the  carapace. 

FamUy  PLSUBOSTEBNIDA  Cope. 
GkniiB  NETTAANXTLUS  Ltmbe. 

The  genus  Neurankylus  was  established  by 
Lambe*  in  1902  upon  a  somewhat  fragmentary 
specimen  from  the  Belly  River  formation  as 
exposed  on  Red  Deer  River  in  the  Province  of 
Alberta,  Canada.  The  type  consists  of  the 
posterior  two-thirds  of  a  carapace,  from  which  all 
the  peripheral  bones  are  missing.     (See  fig.  31.) 

*  LAmbe,  L.  M.,  On  the  vertebrata  of  the  Mld-Cretaoeoiis  of  the  North- 
west Territory:  Contr.  Canadian  Paleontology,  vol.  Z,  pt.  2,  pp.  42,  48, 
text  fig.  7, 1902. 
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The  great  width  of  the  vertebral  scutes,  the 
presence  of  a  ninth  pair  of  costals,  and  a 
greatly  enlarged  eighth  neural  were  con- 
sidered a  combination  of  characters  sufficient 
to  separate  it  generically  from  all  described 
forms.  Its  family  affinities  were  thought  by 
Lambe  to  be  with  the  Chelydridae. 

In  1908  Hay*  removed  this  genus  to  the 
BaenidsB  and  defined  the  genus  Neurankylus 
as  follows: 

A  genus  of  uncertain  poGdtion  and  known  only  from  a  por- 
tion of  the  carapace  of  the  type  species.  Eighth  neural 
large,  followed  by  an  expanded  suprapygal.  In  the  type 
a  ninth  pair  of  costal  bones.  The  vertebral  scutes  nearly 
twice  as  wide  as  long. 

The  presence  of  an  extra  pair  of  costals  in 
the  type  of  Neurankylus  eximius  is  considered 
by  Hay  an  individual  variation  and  therefore 
not  of  classificatory  value.  The  lai^e  size  of 
the  eighth  neural,  as  suggested  by  Lambe  and 
as  now  shown  by  the  type  of  Neurankylus 
hauerij  was  brought  about  by  the  coalescence 
of  the  last  neural  with  the  suprapygal  and  on 
that  account  can  not  be  considered  a  diagnostic 
character.  It  will  thus  be  observed  that  so 
far  as  the  type  species  is  concerned  the  great 
width  of  the  vertebral  scutes  constitutes  the 
principal  character  for  distinguishing  this 
genus. 

The  specimen  discussed  below  is,  on  account 
of  the  close  resemblance  of  its  vertebrals  to 
those  of  Neurankylus  eximius,  provisionally 
referred  to  the  genus  Neurankylus.  The  dis- 
covery of  better-preserved  specimens  in  the 
Belly  River  formation  may  possibly  show  the 
generic  distinctness  of  these  individuals,  but 
in  the  light  of  our  present  knowledge  the 
evidence  points  to  their  being  congeneric. 

The  genus  Neurankylus  may  now  be  defined 
as  follows:  Carapace  depressed;  neurals  with 
interrupted,  obtuse,  dorsal  carina;  mesoplas- 
trals  meeting  narrow  on  the  midline;  inguinal 
buttresses  barely  reaching  borders  of  fifth  and 
sixth  costals;  vertebrals  very  broad  as  com- 
pared to  their  length. 

The  close  resemblance  of  the  present  speci- 
men to  the  genus  Glyptops  shows  it  to  be  a  true 
member  of  the  PleiurostemidaB,  so  that  now  this 
family  is  represented  in  North  America  by  the 
genera  Glyptops  and  Neiurankylus. 

1  Hay,  O.  P.,  The  fossil  turtles  of  North  America:  Carnegie  Inst. 
Washington  Pub.  75,  pp.  93, 94.  text  flg.  90, 1908. 


NearankylnB  baneri  Gflmore,  n.  sp. 

Plates  LXXIV,  LXXY;  text  figures  32  and  33. 

Type:  No.  8344,  U.  S.  N.  M.,  consisting  of  a 
complete  carapace  and  plastron.  Collected  by 
C.  Max  Bauer  and  J.  B.  Reeside,  jr.,  1915. 

Locality:  * 'About  30  miles  south  of  Fann- 
ington  and  4  miles  east  of  reservation  line/' 
San  Juan  Basin,  San  Juan  County,  N.  Mex. 
(Locality  80,  section  E,  PI.  LXIV.) 

Horizon:  Lower  part  of  the  Eirtland  shale. 

The  specimen  on  which  this  species  is  founded 
is  a  beautifully  preserved  shell,  lacking  only  some 
minor  fragments.  Dorsoventrally  it  is  consid- 
erably depressed,  but  the  outlines  of  the  cara- 
pace and  plastron  are  Uttle  distorted  and  give 
a  good  idea  of  the  form  of  the  living  animal. 
In  its  general  form  the  carapace  is  broadly  oval, 
broad  behind,  with  scalloped  borders  posterior 
to  the  inguinal  notches,  and  regularly  roimded 
in  front  with  the  exception  of  a  shght  me- 
dian emargination.  Even  aside  from  effect 
of  the  vertical  crushing  the  shell  was  still 
depressed. 

At  the  center  the  carapace  has  a  greatest 
length  of  560  millimeters.  Its  greatest  width 
is  480  millimeters.  The  entire  border  ante- 
rior to  the  inguinal  notches  is  thickened  and 
roimded,  but  posteriorly  it  thins  out  to  an 
acute  edge.  All  the  peripheral  bones  flare 
upward.  This  upward  incUnation  is  most  pro- 
nounced along  the  sides,  where  it  forms  a  wide, 
shallow  gutter,  much  as  in  Glyptops  plicaivlus 
(Cope).     (See  fig.  32.) 

Delicate  striations  cross  the  sutiu'es  at  right 
angles,  and  faint  scutal  growth  markings  on  the 
marginals  constitute  the  ornamentation  of  the 
carapace. 

On  the  median  line,  within  the  third,  fourth, 
and  fifth  vertebrals,  are  short,  obtuse  elevations, 
but  elsewhere  there  is  no  indication  of  any 
carina.  The  sulci  are  narrow  and  moderately 
impressed.  The  sutures  have  all  coalesced,  but 
by  means  of  the  transverse  lines  mentioned 
above  the  courses  of  nearly  all  of  them  can  be 
accurately  traced. 

There  are  eight  neural  plates.  All  except  the 
sixth,  which  is  octagonal,  and  the  seventh, 
which  is  subrectangular,  are  hexagonal,  with 
the  widest  end  forward.  Their  principal  di- 
mensions are  as  follows: 
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Dimensiona  o/neurals  in  Neurankylua  haturi,  in  millimeters. 


No. 

Length. 

Width. 

No. 

Length. 

Width. 

1 

60 
48 
55.5 
56 

^5' 
40 

42 

45 

f 

1 

5 

6 

7 

8 

50 
55 
26 
30 

40 

2 

52 

3 

30 

4 

43 

The  pygal  has  a  greatest  length  at  the  center 
of  40  millimeters;  and  a  greatest  width  on  the 
free  border  of  60  millimeters. 

There  are  eight  pairs  of  costals,  there  being 
no  evidence  of  a  ninth  pair,  as  found  by  Lambe  ^ 
in  the  type  specimen  of  NeuranTcylus  eximius. 
They  gradually  decrease  in  width  from  front  to 
back,  only  the  eighth  being  relatively  wider 
thab  the  one  inmiediately  preceding  it. 


FiouKE  32.— Carapace  of  Neuratilkplua  baueri  Qilmore,  n.  sp.    Type,  No.  8344,  U.  8.  N.  H.    One-foorth  natural  slxe. 


The  nuchal  is  73  millimeters  long,  52  milli- 
meters wide  on  the  free  border,  and  has  a  maxi- 
mum width  of  92  millimeters. 

The  first  suprapygal  has  the  form  of  a 
trapezoid,  being  27  millimeters  long  and  64 
millimeters  wide.  The  second  suprapygal  is 
lozenge-shaped,  40  millimeters  long  and  120 
millimeters  wide. 


The  border  of  the  carapace  is  made  up  of 
11  pairs  of  peripheral  bones,  and  all  except- 
ing the  third,  fourth,  and  sixth  extend  entirely 
mesiad  of  the  costoperipheral  sulcus.  The 
first  has  a  height  of  60  millimeters;  the  third, 
59  millimeters;  the  fifth  64  millimeters;   the 

1  Lambe,  L.  M.,  On  Vertebreta  of  the  Mld-Oretaoeous  of  the  North, 
west  Territory,  pt.  2:  Contr.  Canadian  Paleontology,  vol.  3,  p.  43,  fig.  7, 
1902. 
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seventh,  71  millimeters;  the  ninth  S4  miUi- 
meters;  the  eleventh,  70  millimeters. 

The  vertebral  scutes  are  very  broad  com- 
pared to  their  length,  as  in  Neurankylvs  ex- 
iimus  Iiambe.  These  scntee,  however,  are  rela- 
tively longer  than  in  the  species  jiist  men- 
tioned. Their  sides  are  stron^y  bracket 
shaped. 


The  nuchal  scute  is  small  and  subrectangu- 
lar  in  outline,  and  its  greatest  diameter  is  an- 
teroposterior. Its  length  is  19  millimeters; 
its  width  on  the  free  border  14  millimeters. 
The  supracaudal  acute  is  divided,  as  in  Hadri- 

On  account  of  the  ^«at  breadth  of  the  verte- 
brals  and  the  considerable  mesiad  extension 


nmrmK  S3.— Plutraa  of  A'AiranlrA"  taBfH  OOnum,  Q.  sp.    Typ*,  No.  Q«,  U.  B.  N.  U.    Oiw-tourth  nstunl  sit*. 


The  principal  measurements  of  these  scutes 
are  given  below. 
DimmiioTU  o/kuU*  of  Xmrankytus  baueri,  in  milUmtlm. 


No. 

Length 

Width 

in 
front. 

Great- 
est 
width. 

81 
IM 
110 
114 
108 

110 
93 
126 
117 
82 

165 

117 

of  the  inguinals  the  costal  scutes  have  the 
rather  imusual  proportion  of  being  as  broad  as 
long. 

The  mar^al  scutes  alternate  with  the  pe- 
ripheral bones.  The  fourth,  fifth,  and  sev- 
enth extend  inward  across  the  costoperipheral 
suture,  but  all  the  others  are  external  to  this 
suture. 

The  plastron  (PI.  LXXV;  text  fig.  33)  has 
a  total  length  of  416  millimeters.  It  is  broad 
in  front,  as  in  other  members  of  the  Fleuro- 
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stemidse.  The  posterior  lobe  is  tapering;  tlie 
narrowed  end  truncated,  with  a  very  slight 
median  emargination.  The  concavity  of  the 
plastron  would  indicate  this  individual  to  be  a 
male. 

The  anterior  lobe  is  111  millimeters  long  and 
at  the  base  168  millimeters  wide.  At  the 
gular-humeral  sulcus  it  measures  123  milli- 
meters in  width.  The  front  of  the  lobe  has  a 
thickened,  rounded  margin.  At  the  center  it 
measures  12  millimeters  in  thickness.  The 
posterior  lobe  at  the  center  is  122  millimeters 
long  and  ,185  millimeters  wide  at  the  base. 
The  lateral  borders  converge  rapidly  from  the 
inguinal  notch  backward  to  the  truncated  pos- 
terior end. 

The  bridge  has  a  width  of  195  millimeters. 

The  epiplastra  meet  on  the  midline  by  a 
suture  30  millimeters  long;  the  hypoplastra  for 
120  millimeters,  the  mesoplastra  for  30  milli- 
meters, the  hypoplastra  for  95  millimeters,  and 
the  xiphiplastra  for  88  millimeters. 

The  buttresses  are  rather  narrow,  as  in  other 
Pleurostemidae.  The  axillary  extends  well 
upward  toward  the  vertebrae  on  the  under  side 
of  the  first  costal.  The  inguinal  buttress  rises 
little  if  at  all  above  the  costoperipheral  suture. 

The  intergular  scutes  meet  on  the  midline 
for  40  millimeters,  and  they  overlap  the  ento- 
plastron.  The  gulars  do  not  meet  on  the  mid- 
line or  overlap  the  entoplastron.  The  humerals 
meet  on  the  midline  for  a  distance  of  79  milli- 
meters, the  pectorals  for  100  millimeters,  the 
abdominals  for  60  millimeters,  the  f emorals  for 
58  millimeters,  and  the  anals  for  64  milli- 
meters. 

There  are  four  inf ramarginal  scutes. 

Family  BASNZDJB  Cope. 
Baena  nodosa  Gflmore,  b.  sp. 

Plate  LXXVI;  text  figures  34  and  35. 

Type:  No.  8345,  U.  S.  N.  M.;  consists  of  a 
nearly  complete  carapace  and  plastron.  The 
principal  parts  missing  are  portions  of  the  pos- 
terior border  at  either  side  of  the  middle.  Col- 
lected by  J.  B.  Reeside,  jr.,  and  John  Brittain, 
September  8,  1915. 

Locality:  "Two  miles  northwest  of  Ojo 
Alamo  store,"  San  Juan  County,  N.  Mex. 
(See  locality  60,  section  F,  PL  LXIV.) 

Horizon:  Kirtland  shale. 


The  very  rough  surface  ornamentation  of  the 
carapace  of  the  type  specimen  is  especially 
characteristic  of  this  species,  and  this  feature 
alone  will  serve  to  distinguish  it  from  all  other 
described  forms.  The  ornamentation  con- 
sists of  a  series  of  roimded  nodelike  elevations 
of  irregular  shapes  and  unequal  sizes  placed 
without  definite  arrangement.  Along  the  cen- 
tral portion  of  the  carapace  these  node  swell- 
ings  Bxe  elongate  anteroposteriorly,  with  nar- 
row  longitudinal  grooves  between.  Inter- 
spersed here  and  there  among  the  elongate 
nodes  are  short,  rounded  elevations.  Lateral 
to  the  vertebral  areas  the  nodes  are  more 
widely  scattered,  and  the  valleys  between 
them  are  wider  and  deeper.  The  peripheral 
surfaces  are  comparatively  smooth. 

In  form  the  anterior  end  of  the  carapace  is 
obtusely  pointed.  Proceeding  posteriorly  the 
lateral  borders  are  divergent  to  a  point  pos- 
terior to  the  inguinal  notches,  where  they 
roimd  into  the  wide,  truncated  posterior  end. 
This  end  has  a  decided  median  emargination, 
at  each  side  of  which  the  border  is  scalloped. 
The  niunber  of  these  scallops  can  not  be  deter- 
mined in  the  present  specimen.  The  sulci  are 
narrow  and  shallowly  impressed,  but  most  of 
those  of  the  carapace  can  be  clearly  traced. 
The  sutures,  however,  have  been  obliterated 
through  coossification,  and  are  to  be  observed 
only    between    a   few   of    the   costals.     (See 

fig.  34.) 

The  greatest  length  of  the  carapace  at  the 
center  is  354  millimeters;  the  greatest  width, 
which  is  posterior  to  the  inguinal  notches,  is 
344  millimeters.  The  depth  of  the  shell  at 
the  center  is  80  millimeters,  but  in  life  this 
measurement  was  considerably  greater. 

The  nuchal  scute,  relatively  of  large  size, 
has  a  length  of  23  millimeters  and  a  width 
on  the  free  border  of  19  millimeters;  its  greatest 
width  is  27  millimeters. 

The  vertebral  scutes  when  compared  with 
those  of  other  species  of  the  genus  are  rela- 
tively narrow.  As  in  Baena  hatcheri  Hay, 
from  the  Lance  formation,  an  accessory  lateral 
scute  is  cut  oflf  from  each  side  of  the  first  verte- 
bral, thus  greatly  reducing  it  in  size.  But 
B.  nodosa  differs  from  B.  hatcheri  Hay  in  hav- 
ing a  large  nuchal  scute  that  takes  the  place 
of  the  extremely  small  first  vertebral  and  forms 
scutellsd  as  in  B.  Jiatdieri. 
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The  sides  of  the  vertebrals  are  but  little 
enlarged  laterally  at  their  centers.  Their 
principal  dimensions  are  given  in  the  table. 

DimermoTU  of  veriebrah  of  Baena  nodosa^  in  millimeters m 


Number. 

Length. 

Width 

in 
front. 

Great- 
est 
width. 

1 

50 
82 
81 
76 
54 

24 
54 
66 
61 
49 

62 

2 

74 

3 

80 

4 

71 

5 

93 

FiouBE  34.~€arapaoe  of  Baena  nodota  Gilmore,  n.  sp.    Tyiw,  Ko.  8345, 

About  one-fourth  natural  slxe. 

The  triangular  supernumerary  lateral  scutes 
ai*e  each  44  millimeters  anteroposteriorly  and 
54  miUimeters  transversely.  The  nuchal  has 
on  each  side*  a  small  triangular  marginal  scute 
with  a  free  border  16  millimeters  in  length. 
The  second  marginal  is  extremely  narrow  fore 
and  aft  (11  millimeters)  but  has  a  length  on 
the  free  border  of  27  millimeters.  The  third 
marginal  extends  back  from  the  border  18 
millimeters;  the  fourth  26  millimeters;  the 
seventh  62  millimeters;  the  eighth  59  milli- 
meters. The  niunber  of  marginals  can  not  be 
determined  in  this  specimen.  As  in  other 
species  of  this  genus  there  is  no  supracaudal 


scute,  the  fifth  vertebral  coming  to  the  posterior 
margin. 

The  emargination  on  the  posterior  border  is 
59  millimeters  wide.  At  its  center  the  bone 
is  thickened  to  12  millimeters,  thus  forming  an 
obtuse  median  ridge  that  continues  well  for- 
ward toward  the  middle  of  the  fifth  vertebral 
scute. 

The  plastron  (fig.  35)  is  comparatively 
smooth,  having  only  a  finely  granulated  sur- 
face. The  concave  nature  of  the  plastron 
would  indicate  tins  individual  to  be  a  male. 

The  plastron  has  a  greatest  length  of  323  mil- 
limeters. The  sides  of  the  plastron,  beginning 
with  the  bridges,  rise  upward  and 
outward  dear  to  the  margin  of  the 
shell,  so  that  the  margin  stands 
considerably  above  the  level  of  the 
plastron. 

The  anterior  lobe  is  81  millimeters 
long  and  113  millimeters  wide  at  the 
base.  The  width  diminishes  grad- 
ually to  the  gular-humeral  sulcus, 
where  it  measures  71  millimeters  trans- 
versely. It  is  shghtly  notched  at 
this  point  and  again  where  the  gular- 
intergular  sulcus  crosses  the  margin. 
The  anterior  border  is  slightly  emar- 
ginate. 

The  hmits  of  the  entoplastron  can 
not  be  traced.  The  bridge  is  149 
millimeters  wide. 

The  posterior  lobe  is  89  millimeters 
long  and  132  millimeters  wide  at  the 
base.  The  posterior  end  is  truncated 
and  has  a  shallow  but  broad  emargi- 
nated  border.  At  the  femeroanal 
u.  8.  N.  M.  sulcus  the  sides  of  the  lobe  are  slightly 
constricted. 
By  means  of  the  striations  on  the  bones  the 
limits  of  the  mesoplastrals  can  be  accurately 
determined.  They  meet  rather  broadly  on  the 
midline  for  a  distance  of  36  millimeters  and 
expand  toward  the  outer  margins  of  the 
shell.  All  the  other  sutures  are  largely  oblit- 
erated on  accoxmt  of  the  complete  coossLfication 
or  fusion  of  the  bones. 

There  are  distiuct  gulars  and  intergulars,  all 
of  about  the  same  shape  and  size,  as  in  Baena 
hatcheri  Hay.  These  scutes  all  start  from  a 
common  point  at  the  midline.  The  intergulars 
meet  at  the  midline  for  a  distance  of  29  milli- 
meters; the  humerals  for  61  millimeters;  the 


yEBTEBBA.TE  FAUNAS  OF  THE  OJO  ALAMO. 


295 


Dimensions  ofveri^hrals  of  Thescelus  rapienSf  in  millimeters. 


No. 

Length. 

Width. 

1 

50± 
75 
81 
61 

824: 

2 

92 

3 

92 

4 

92 

5 

86 

On  the  left  aide  there  is  a  supecnuinerary  costal  scute. 
This  has  been  cut  off,  mostly  horn  the  first  costal  proper 
but  to  some  extent  from  the  second  marginal.  The  fourth 
marginal  shown  on  the  left  side  has  a  height  of  57  milli- 
meters, rising  somewhat  on  the  costals. 


pectorals  for  61  millimeters;  the  anals  for  47 
millimeters.  The  median  longitudinal  sulcus 
appears  to  follow  a  tortuous  course,  as  in  sev- 
eral other  species  of  the  genus. 

On  the  bridge  there  are  four  large  inf ramar- 
ginal  scutes.  These  appear  to  lie  principally 
on  the  plastral  bones,  though  extending  over 
on  to  the  peripherals. 

This  species  is  distinguished  from  all  others 
in  the  rough,  nodeUke  ornamentation  of  the 
carapace,  in  the  triangular  shape  of  the  shell, 
and  in  having  the  greatest  breadth  posterior 
to  the  inguinal  notches. 

Thescelus  rapiens  Hay. 

Text  figure  36. 

ThesceliLS  rapiens  Hay,  The  fossil  turtles  of 
North  America:  Carnegie  Inst.  Wash- 
ington Pub.  75,  pp.  97-98,  text  figs. 
91-92,  1908. 
Sinclair  and  Granger,  Am.  Mus.  Nat. 
Hist.  Bull.,  vol.  33,  p.  303,  1914. 

The  original  description  is  as  fol- 
lows: 

This  species  is  represented  by  a  single 
shell,  which  was  collected  from  ''Ldiramie" 
deposits  ^  at  Ojo  Alamo,  San  Juan  Coimty, 
N.  Mex.,  in  1904,  by  Mr.  Bamum  Brown,  of 
the  American  Museum  of  Natural  History. 
The  catalogue  number  of  the  specimen  is 
6066.  The  shell  has  been  damaged  consid- 
erably by  weathering  and  lacks  a  portion 
of  the  carapace  in  the  nuchal  region,  some 
portions  of  the  right  costals,  most  of  the  peri- 
pherals, the  front  of  the  plastron,  and  the 
rear  of  the  xiphiplastrals. 

The  length  of  the  carapace  must  have  been 
close  to  400  millimeters;  the  width  about  375 
millimeters.  Apparently  the  shell  was  con- 
siderably depressed.     The  front  of  the  cara-    ^«™«  SS.-Plastron  of  Baenofiodom  ODmo«»  n.  sp     Type,  No.  8M5.  U.  8.  N.  IL 

^     .'^         ,  .    3    ^    .        .  About  one-fourth  natural  slse. 

pace  over  the  neck  was  excavated,  but  not 

so  deeply  as  in  T.  insiliens.  The  area  occupied  by  the 
vertebral  scutes  presents  a  broad,  shallow,  longitudinal 
channel;  but  in  this,  over  the  neural  bones,  there  is  a 
low  ridge.  The  free  borders  of  the  anterior  peripherals 
are  rather  obtuse. 

The  sutures  of  the  shell  are  obliterated,  but  a  few  of 
them  may  be  traced  by  the  fine  striations  which  cross 
them.  So  far  as  they  can  be  made  out,  they  are  shown  in 
the  diagrammatic  figures.  The  scutal  areas  are  distinctly 
marked  on  the  shell.  They  present  various  irregularities. 
The  vertebrals  [fig.  36,  A]  are  broader  than  long;  their 
dimensions  are  shown  in  the  table  below: 

1  In  a  letter  to  me  dated  February  26, 191A,  Mr.  Drown  says: "  Thneelut 
rapiem  came  from  the  lower  oanglomerate  Just  below  the  old  Indian  trad- 
ing store  in  OJo  Alamo,"  or  from  the  OJo  Alamo  sandstone.— C.  W.  0. 


The  plastron  [fig.  36,  B]  is  laige.  From  a  low  ridge 
which  joins  the  free  border  of  the  front  lobe  with  that  of 
the  hinder  lobe  the  bridges  ascend  at  an  angle  with  the 
remainder  of  the  plastron.  The  axillary  notch  is  far  for- 
ward, falling  about  55  millimeters  behind  the  front  of 
the  carapace.  The  opening  for  the  head  and  l^gs  is  thus 
considerably  restricted.  The  front  lobe  extended  evi- 
dently much  beyond  the  front  of  the  carapace.  Its  length 
can  not  be  determined.  The  width  ot  the  base  is  150 
millimeters.  The  bridge  is  167  millimeters  wide.  The 
length  of  the  hinder  lobe  was  approximately  100  milli- 
meters; the  width  at  the  base  is  165  millimeters.  It 
narrows  rather  rapidly  backward,  so  that  at  the  femoro- 
anal  sulcus  the  width  is  104  millimeters. 

There  are  at  present  large  mesoplastra,  the  boundaries 
of  which  can  be  pretty  satisfactorily  determined.    These 
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are  about  35  millimetera  wide  at  the  midline,  but  they 
expand  to  about  85  millimeters  at  the  peripherals. 

The  median  longitudinal  sulcus  runs  a  very  irregular 
course,  and  across  Uie  femorals  it  can  not  be  distinguished 
with  certainty.  The  humerals  occupy  70  millimeters  of 
the  midline;  the  pectorals,  about  90  millimeters;  the  ab- 
dominals, about  35  millimeters;  the  femoralfi,  about  52 
millimetera.  The  femoroanal  sulcus  runs  far  forward 
from  its  starting  point  on  the  border  of  the  plastron. 
Probably  on  account  of  weathering  the  sculpture  of  the 
carapace  is  nearly  obliterated,  appearing  only  in  a  few 
spots.  On  the  plastron  it  is  more  distinct.  It  appears 
to  have  resembled  that  of  T,  insiliens  and  consists  of  nar- 
row and  low  ridges  and  tubercules.  Some  traces  are 
observed  of  the  ridges  due  to  the  growth  of  the  scutes. 


nunily  DBBMATEMTIDJB  Gny. 
Basflemys  nobilis  Hay. 

Text  figure  37. 

BasiUmys  nobilis  Hay,  U.  S.  Nat.  Mus.  Proc.,  vol.  38,  pp. 
316-317,  text  figs.  12, 13, 1910. 

The  type  specimen  of  this  species,  No.  6555, 
U.  S.  N.  M.,  was  collected  by  J.  H.  Gardner 
and  J.  W.  Gidley  at  Ojo  Alamo,  N.  Mex.,  in 
1909.  It  was  fomid  below  the  upper  con- 
glomerate in  the  dinosaur-bearing  deposits  and 
''about  50  feet  above  the  lower  conglom- 
erate"— therefore  in  the  Ojo  Alamo  sandstone. 


B 

FxouBS  36.—  Theteeiut  rapkna  Hay.    A,  Carapaoe;  B,  plastron.    Type,  No.  0066,  Am.  Mus.  Nat.  Hist.    Aboat  one-sixth  natural  size.    (After  Hay.) 


This  species  differs  from  T.  intiliena  in  having  the 
nuchal  less  deeply  excavated,  in  having  a  median  depres- 
sion along  the  back,  and  in  having  the  hinder  lobe  of  the 
plastron  more  rapidly  reduced  in  width  backward.  In 
T.  insiliens  the  bridges  are  considerably  wider  than  the 
base  of  the  hinder  lobe. 

It  should  be  added  that  the  type  of  T. 
insiliens  mentioned  above  is  from  the  Lance 
formation  of  Wyoming. 

At  the  present  time  T.  rapiens  Hay  is  known 
only  from  the  type  specimen. 


The  specimen  consists  of  many  fragmentary 
parts  of  both  the  carapace  and  plastron.  The 
best-preserved  part  is  the  border  of  the  right 
side  of  the  posterior  lobe  of  the  plastron,  in- 
cluding a  portion  of  the  hypoplastron  and  a 
part  of  the  xiphiplastron. 

Hay's  original  description  follows: 

The  right  extremity  of  the  fragment  of  hypoplastron 
reaches  out  to  the  suture  with  the  eighth  peripheral. 
From  this  suture  to  that  between  the  hyx)oplastron  and 
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the  xiphiplaatxx)!!,  following  the  curve,  is  102  millimeterfl. 
Near  ihe  former  suture  the  bone  is  52  millimeters  thick. 
From  the  border  of  the  inguinal  notch  a  wall  extends 
backward  along  the  border  of  the  hinder  lobe.  At  the 
h3rpoxiphiplastral  suture  this  wall  arises  40  millimeters 
above  the  lower  surface  of  the  plastron.  From  the  sum- 
mit of  the  wall  the  bone  slopes  downward  rapidly  and 
about  equally  on  the  outside  and  the  inside  of  the  wall. 
Where  the  slope  ceases  on  the  inner  side  of  the  wall  the 
xiphiplastron  is  about  17  millimeters  thick.  Passing 
backward  40  millimeters  the  wall  is  somewhat  higher, 
slightly  steeper  on  the  outside  and  overhanging  on  the 
inner  side  [^,  37,  A].  At  a  distance  of  60  millimeters 
behind  the  hypoxiphiplastral  suture  the  wall  is  36  milli- 
meters high  and  still  more  overhanging  on  the  inner  side. 
At  the  base  of  the  wall  here  the  thickness  of  the  xiphiplas- 
tron is  21  millimeters.  As  the  rear  of  the  xiphiplastron  is 
approached  the  wall  becomes  lower,  only  25  millimeters 
where  the  fragment  ends  [fig.  37,  B].  On  the  upper  sur- 
face of  the  xiphiplastron  there  is  a  large  oval  scar  which 
was  occupied  by  the  pubis. 

On  the  lower  surface  of  the  outer  extremity  of  the 
hypoplastron  are  seen  the  narrow  threadlike  sulci  which 
bound  the  inguinal  scute.    This  ia  only  25  millimeters 


Fiouss  37.— BocOemyt  neMUt  Hay.  Type,  No.  6555,  U.  S.  N.  II.  A, 
Section  across  free  border  of  xiphlplastroQ  40  millimeters  behind  hypo- 
plastron; B,  section  across  free  border  of  xiphiplastron  115  millimeters 
behind  hypoplastron.  Both  figures  one-half  natural  site.  (After  Hay.) 

wide,  and  it  is  thrown  well  out  on  the  extremity  of  the 
bone.  In  B.  variolosa  this  scute  ia  much  wider  and  ex- 
tends medially  to  the  free  border  of  the  hinder  lobe.  On 
the  sloping  outer  face  of  the  xiphiplastral  wall,  near  the 
hinder  end  of  the  specimen,  is  seen  a  part  of  the  femoro- 
anal  sulcus. 

From  B.  prxdara^  described  above,  this  species  differs 
in  at  least  one  important  respect,  the  inner  slope  of  the 
wall  around  the  border  of  the  hinder  lobe  of  the  plastron. 
*  *  *  It  differs  from  B,  tinttoaa  in  about  the  same 
way,  for  in  the  latter  the  upx>er  surface  of  the  xiphiplastron 
slopes  rapidly  downward  toward  the  central  portion  of  the 
lobe.  The  writer  has  not  at  hand  information  regarding 
the  same  region  in  B.  varioloMf  but  it  probably  does  not 
differ  in  any  important  respect  from  that  of  B.  ginuoia. 

Hay  considers  the  type  specimen  to  repre- 
sent an  individual  of  ^'nearly  the  size  of  the 
type  of  BdsUemys  variolosa  (Cope),  the  type  of 
the  genus,  the  plastron  of  which  was  about 
670  milUmeters  long." 

In  the  concluding  paragraph  of  the  citation 
given  above,  Hay  points  out  wherein  the 
present  form  differs  from  all  other  species  of 
the  genus,  though  it  is  at  once  apparent  that 


its  distinctness  from  the  single  Judith  River 
species,  Ba^sUemys  variolosa  (Cope),  has  not 
been  satisfactorily  demonstrated.  That  it 
may  pertain  to  a  distinct  species  is  quite  pos- 
sible, though  it  is  perhaps  significant  that  a 
fragmentary  specimen  of  Basilemys  sp.  (No. 
8024,  U.  S.  N.  M.)  from  the  Two  Medicine 
formation,  which  is  in  part  equivalent  to  the 
Judith  River,  most  closely  resembles  B. 
nohUis  Hay.  The  lateral  ridge  on  the  hinder 
lobe  of  the  plastron  in  this  specimen,  while  not 
quite  so  prominent  as  ia  B.  nohUis,  neverthe- 
less forms  a  distinct  wall,  as  in  that  species, 
and  constitutes  a  character  which  distin- 
guishes both  of  these  specimens  from  all  other 
described  forms  with  the  possible  exception  of 
B.  variolosa. 

Adociu?  llneolatiiB  Cope. 

Plate  LXXVIII,  figure  4. 

AdocuMt  lineolatvs  Cope,  IJ.  S.  Geol.  and  Geog.  Survey 
Terr.  Bull.  [1st  ser.].  No.  2,  p,  30, 1874;  The  Verte- 
brata  of  the  Cretaceous  formations  of  the  West: 
U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  2,  p.  263,  pi.  6, 
figs.  11,  12,  1875. 

Hay,  Bibliography  and  catalogue  of  the  fossil  Verte- 
brata  of  North  America:  U.  S.  Geol.  Survey  Bull. 
179,  p.  437, 1902;  The  fossil  turtles  of  North  America: 
Carnegie  Inst.  Washington  Pub.  75,  pp.  247,  248, 
figs.  308,  309, 1908. 

Bowen,  The  stratigraphy  of  the  Montana  group:  U.  S. 
Geol.  Survey  Prof.  Paper  90,  pp.  122, 123, 1916. 

In  the  collection  made  by  Mr.  Bauer  from  the 
San  Juan  Basin  is  a  fragmentary  turtle  (No. 
8348,  U.  S.  N.  M.),  consisting  of  the  seventh 
peripheral  from  the  left  side,  associated  with  a 
few  other  fragments,  collected  in  the  Fruitland 
formation,  "1  mile  south  of  Fruitland*'  (local- 
ity 4,  section  A,  PL  LXIV).  Fortunately  it 
can  be  accurately  compared  with  the  type  of 
Adocus  vigoraius  Hay,  from  the  same  region, 
which  also  has  the  left  seventh  peripheral. 
The  finer  sculpture  of  the  Bauer  specimen, 
which  has  four  to  five  rows  of  pits  in  a  line  5 
milUmeters  long,  separates  it  at  once  from  A. 
vigoTotaSj  which  has  only  three  rows  in  a  6- 
millimeter  line.  This  difi^erence  in  sculpture 
is  clearly  shown  in  Plate  LXXVIII,  figures  3 
and  4.  This  finer  sculpture  resembles  closely 
that  of  Adocus  f  lineolatus  Cope,  to  which,  for 
the  present  at  least,  this  specimen  is  referred. 

The  type  of  A.  lineolatus  was  obtained  on 
Bijou  Creek,  40  miles  east  of  Denver,  Colo.,  in 
beds  believed  to  be  of  Arapahoe  age. 
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Knowlton  ^  has  stated : 

Fragments  that  have  been  identified  as  pertaining  to 
this  species  have  been  found  by  Lambe  in  Belly  River 
beds  of  Red  Deer  River,  Alberta,  by  Bamum  Brown  in  the 
Lance  formation  on  Hell  Greek,  Mont.,  and  by  others  in 
the  ''Ceratops  beds"  [Lance  formation]  of  Converse 
County,  Wyo. 

According  to  Hay,  "Fragments  of  costals 
scarcely,  if  at  all,  to  be  distinguished  from  them 
[A,  lineolcUus]  are  found  in  the  collection  made 
in  the  Judith  River  region  for  Prof.  Cope  by 
C.  H.  Sternberg,  in  1870." 

Hatcher '  has  expressed  the  opinion  that  the 
reference  of  Lambe's  specimen  "may  be  incor- 
rect."    Hay' says: 

It  is  unsafe  to  identify  as  belonging  to  Adocusf  lineolatus 
specimens  from  the  Judith  River  and  Laramie  beds  before 


It  is  quite  probable  that  more  than  one 
species  is  represented  by  these  fragments,  but 
until  better  material  is  found  I  can  do  no  better 
than  refer  them  to  the  described  species,  inade- 
quate though  that  may  be. 

Adocus  Tigoratas  Hay. 

Plate  LXXVII,  figure  2;  Plate  LXXVIII,  figure  3;  text 

figure  38. 

Adocus  vigoratus  Hay,  U.  S.  Nat.  Mus.  Proc.,  vol.  38,  pp. 
317-318,  pi.  11,  ^.  3,  text  figs.  14-18,  1910. 

The  original  description  is  given  below: 

The  fragmentary  remains  which  are  described  under  the 
above-given  name  were  collected  September  3,  1909,  by 
Messrs.  Gardner  and  Gidley,  at  Ojo  Alamo,  San  Juan 
County,  New  Mexico.  The  bones  were  secured  below  the 
upper  bed  of  conglomerate  [Ojo  Alamo  sandstone],  in  those 


FiQUBB  88.— jidoeiM  vlgonhu  Hay.  Type,  No.  flft54,  U.  6.  N.  M.  A,  First  neural;  B»  first  left  peripheral;  C,  section  across  first  left  peripheral, 
the  upper  surfiaoe  toward  right;  D,  left  seventh  peripheral;  E,  section  across  free  border  of  base  of  hinder  lobe.  All  figures  about  one>half 
natural  sise.    (After  Hay.) 


far  better  materials  of  the  species  have  been  collected  from 
the  type  locality.  It  is  improbable  that  the  same  species 
continued  from  the  Judith  River  epoch  to  the  Arapahoe 
epoch. 

The  specimen  now  before  me  shows  a  type  of 
sculpture  which  at  once  distinguishes  it  from 
Adocus  vigoraius  Hay,  found  in  the  same  region, 
a  sculpture  which  agrees  in  all  particulars  with 
the  description  and  figures  of  the  type  of 
Adocusf  lineolatus  Cope,  so  that  disregarding  all 
preconceived  opinions  as  to  what  its  geologic 
range  should  be,  I  conclude  that  turtles  having 
a  similar  surface  ornamentation  of  the  shell 
lived  in  the  Judith  River,  Ojo  Alamo,  Belly 
Rivei^  Arapahoe,  and  Lanoe  epochs. 

1  Knowlton,  F.  H.,  Remarks  on  the  fossil  turtles  accredited  to  the 
Judith  River  fomiatian:  Washington  Acad.  Sol.  Proc.,  vol.  13,  p.  57, 
1911. 

s  Stanton,  T.  W.,  and  Hatcher,  J.  B.,  Oeology  and  paleontology  of 
the  Judith  River  beds:  U.  S.  Oeol.  Survey  Bull.  257,  p.  76, 1905. 

>  Hay,  O.  P.,  The  fossil  turtles  of  North  America:  Carnegie  Inst* 
Washington  Pub.  75,  p.  248, 190S. 


beds  which  fumiahed  remaina  of  dinoeaura.  The  speci- 
men bears  the  number  6554  of  the  catalog:ue  of  the  U.  S. 
National  Museum. 

The  individual  was  one  of  considerable  size,  the  length 
of  the  carapace  having  been  probably  500  millimeters. 
One  neural  [fig.  38,  A]  present  is  probably  the  most  anterior 
one.  It  is  narrowed  in  front,  notched  behind,  and  crossed 
by  the  sulcus  that  passed  probably  between  the  first  and 
the  second  vertebral  scutes.  The  length  is  68  millimeters 
along  the  midline;  the  width  is  40  millimeters.  The 
anterior  end  was  about  6  millimeters  thick;  the  posterior, 
10  millimeters.  Figure  38,  B,  represents  the  form  of  the 
first  left  peripheral,  while  figure  38,  C,  presents  a  section 
from  the  free  border  to  the  border  that  articulated  with 
the  first  costal.  The  bone  is  about  53  millimeters  wide 
along  the  anterior  border  and  67  millimeters  high.  Its 
greatest  thickness  is  19  millimeters,  and  this  is  the  same 
where  the  bone  joined  the  nuchal  and  where  it  joined  the 
second  peripheral.  The  free  border  is  obtuse.  On  the 
upper  surface  are  seen  part  of  the  first  vertebral  scute, 
a  part  of  the  filrst  costal  scute,  and  parts  of  the  first  and 
the  second  marginal  scutes.  The  ascending  plate  of  one 
of  the  bridge  peripherals  is  penetrated  by  the  extremity  of 
a  rib. 


VEKTEBB&TE  FAUNAS  OF  THE  OJO  ALAMO. 


299 


Figure  38,  D,  preaents  a  view  of  the  left  seventh  periph- 
eral. Its  length  near  the  free  border  is  73  millimeters; 
its  height  is  96  millimeters.  The  free  border  is  subacute. 
The  border  is  greatly  thickened,  to  form  a  shoulder  to 
receive  the  inguinal  buttress  of  the  plastron.  This  but- 
tress did  not  rise  to  the  lower  borders  of  the  costals.  On 
the  upper  part  of  the  inner  face  of  the  bone  is  a  shallow 
groove  in  which  lay  the  end  of  the  rib  of  the  fifth  costal 
plate.  Farther  down  this  rib  enters  the  bone  and  descends 
a  distance  of  44  millimeten  from  the  upper  border. 

Of  the  plastron  there  are  present  a  fragment  of  the  right 
xiphiplastron  and  the  portion  of  the  hypoplastron  that 
sends  up  the  right  inguinal  buttress.  Figure  38,  E, 
represents  a  section  taken  just  behind  this  buttress. 
It  shows  the  thickness  of  the  bone  and  the  form  of  the 
free  border  at  the  base  of  the  hinder  lobe.  The  underside 
of  the  fragment  shows  the  outer  end  of  the  abdominofem- 
oral  sulcus.  The  xiphiplastron  is  quite  thin,  the  thick- 
ness just  behind  the  femoroanal  sulcus  being  only  6  milli- 
meters. The  free  edge  is  acute.  The  sulcus  just  named  is 
directed  forward  as  it  moves  toward  the  midline. 

The  outer  surfaces  of  all  the  bones,  those  of  the  plastron 
as  well  as  those  of  the  carapace,  are  ornamented  with 
shallow  pits  arranged  in  more  or  less  regular  rows.    The 
rows  are  directed  obliquely  to  the  sutural  borders 
of  most  of  the  bones  [PI.  LXXVII,  fig.  2;  PI. 
LXXVIII,  fig.  3].    There  are  three  rows  of  pits  in 
a  line  5  millimeters  long.    The  ridgee  between  the 
pits  are  rounded  on  their  summits  and  the  cross 
ridges  are  feeble. 

This  species  is  evidently  di£Ferent  from  all  of 
those  described  from  the  eastern  r^on  of  the 
United  States.    From  A.  lineolatui,  the  type  of 

which  came  from  Colorado,  the  present  species    '^'*^*  S r^!!?**Sl..^A  .^L.'^^I^^S!^  7fJ!l^?l*^*^'^^ 

dififers  in  having  a  coarser  sculpture,  three  rows 


Family  PLASTOMBNID JE  Hay. 
Plastomeiiiis  ap. 

Plate  LXXVIII,  figure  1. 

The  genus  Plastomenus  is  represented  in  the 
Bauer  collection  by  the  complete  hypoplastral 
bone  (No.  8350,  U.  S.  N.  M.)  from  the  left  side 
shown  in  Plate  LXXVIII,  %ure  1 .  I  am  un- 
able at  this  time  to  identify  the  bone  with  any 
described  species,  and  on  account  of  its  very 
large  size  am  inclined  to  the  opinion  that  it 
represents  a  new  form  but  do  not  feel  justified 
in  establishing  a  new  species  on  such  meager 
material.  Its  chief  importance  here  is  in  being 
the  first  recognizable  specimen  of  the  genus 
Plastomenus  found  in  the  San  Juan  basin. 

The  specimen  was  collected  by  Mr.  Bauer  ''5 
miles  northwest  of  Pina  Veta  China,"  in  the 
Farmington  sandstone  member  of  the  Kirtland 
shale  flocality  33,  section  C,  PL  LXIV). 


Hus.  Nat.  HJst.    Aboat  two-fifths  natural  sice.    (After  Hay.) 


of  pits  in  a  5-inillimeter  line,  instead  of  four  or  five. 

Compflemya  sp. 

Plate  LXXVIII,  figure  2. 

A  number  of  broken  fragments  (No.  8349, 
U.  S.  N.  M.)  of  the  upper  shell  of  a  small 
turtle  were  foimd  by  Mr.  Reeside  "on  the 
north  side  of  Barrel  Spring  Arroyo,  half  a 
mile  west  of  the  wagon  road  from  Ojo  Alamo^ 
in  the  Ojo  Alamo  sandstone,  10  feet  above  the 
lower  conglomerate"  Qocality  63,  section  F, 
PL  LXIV).  These  bones  are  covered  with 
small,  rounded  pustules  that  form  an  ornamen- 
tation very  close  to  that  of  Compsemys  vafer 
Hay,  but  as  other  species  of  this  genus  have 
a  somewhat  similar  sculpture  it  woidd  not  be 
safe  to  attempt  a  specific  determination  on 
materials  so  scanty. 

The  discovery  of  these  specimens  is  of  im- 
portance, however,  as  recording  for  the  first 
time  the  presence  of  the  genus  Compsemys  in 
the  Ojo  Alamo  sandstone. 

30830*^—17 ^20 


TaoUly  TBIONTCHIDA  Hay. 
Aspideretes  vonx  Hay. 

Plate  LXXVII,  figure  3;  text  figure  39. 

Aspideretes  vorax  Hay,  The  fossil  turtles  of  North  America: 
Carnegie  Inst.  Washington  Pub.  75,  pp.  496-497, 
text  fig.  651,  1908. 

The  original  description  follows: 

This  species  was  collected  from  the  Laramie  deposits  ^ 
near  Ojo  Alamo,  San  Juan  County,  N.  Mex.,  in  1904,  by 
Mr.  Bamum  Brown.  The  type  is  in  the  American  Museum 
of  Natural  History  and  has  the  catalogue  number  6140. 
The  species  is  represented,  as  far  as  known,  by  only  the 
nuchal  bone ;  but  this  ia  complete.  The  length  of  the  bone 
from  side  to  side  is  200  millimeters  in  a  straight  line, 
215  millimeters  over  the  curve.  The  lateral  convexity  is 
considerable  and  appears  to  have  been  somewhat  greater 
than  that  of  either  A.  auaterus  or  A,  fontanus,  both  from 

1  In  respooseto  my  Inquiry  as  to  the  exact  gwdoglo  position  of  the  type 
specimens  of  AwptdereUt  vorax,  A.  fontamu,  and  A.  aiutenu  Bamum 
Brown,  in  a  lett«-  of  February  36,  1916,  writes  as  follows:  "The  three 
species  of  Aspideretes  came  from  clays  interbedded  in  the  sandstone  of 
the  upper  part  of  the  OJo  Alamo  formation."  It  should  be  added  tliat 
this  determination  is  based  on  Bauer's  columnar  section,  which  Brown 
had  before  him.— C.  W.  O. 
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the  same  locality  as  this  q>ecie0.  The  width  at  the  mid- 
line  is  45  millimetera;  the  greatest  width  55  millimetere. 
The  greatest  thickness  is  15  millimetere.  There  is  a  mod- 
erate median  sinus  in  the  anterior  border.  This  border  is 
not  clipped  off  at  a  nearly  right  angle  with  the  upper  sur- 
face, as  in  the  two  other  species  mentioned  above,  but  is 
beveled  down  on  the  upper  surface  of  the  bone  to  a  sharp 
edge.  This  beveled  surface  is  not  sculptured.  The 
hinder  border  of  the  bone  presents  a  median  excavation, 
for  the  preneural  bone.  The  latter  bone  was  evidently 
unusually  broad,  the  excavation  having  a  width  of  at 
least  55  millimeters.  The  preneurAl  border  is  thicker  than 
that  of  A.fomtanuM^  the  thickness  being  7  millimetera. 

The  sculpture  of  the  bone  is  obscured  by  a  layer  of  hard 
matrix;  but  so  for  as  can  be  detennined  it  was  inter- 
mediate between  A.fimUmiu  and  A,  auMtenu,  approaching 
more  closely  the  latter. 

Certain  fragments  of  costals  present  probably  belong  to 
this  species  but  possibly  to  A./omUimu,    One  of  these, 


''75  feet  below  the  Ojo  Alamo  sandstone,  in 
dinosaur  beds."  Mr.  Gidlej  tells  me  that  the 
position  as  stated  above  was  an  estimate  of  the 
distance,  and  he  is  of  the  opinion  that  the 
specimen  came  from  above  the  lower  con- 
glomerate and  therefore  from  the  Ojo  Alamo 
sandstone. 

Aspideretes  austoras  Hay. 

Plate  LXXVII,  figure  1 ;  text  figures  40  and  41. 

Aipidereies  €nui£ru»  Hay,  The  fossil  turtles  of  North  Amer- 
ica: Carnegie  Inst  Washington  Pub.  75,  pp.  49&- 
496,  text  figs.  649-650, 1906. 

The  original  description  is  as  follows: 

The  fragmentary  specimen  on  which  the  present  species 
is  based  was  collected  in  1904  by  Mr.  Bamum  Brown,  from 


f 
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FiGUBK  40.— Pirts  of  nucbal  and  first  oostalsof  AapUereUt  au$Urut  Hay.   TyxM,  No.  0068,  Am.  llns.  Nat.  Hist.   About  two-flfttas  natural  siae. 

(After  Hay.) 

apparently  the  right  sixth,  is  35  millimetere  wide  at  the 
neural  border,  30  millimeterB  wide  more  distally,  and  has  a 
thickness  of  8  millimeters. 

This  species  differa  from  A./orUantu  in  having  the  free 
anterior  border  of  the  nuchal  beveled,  the  bone  thicker  at 
the  preneural  border,  and  a  coarser  sculpture.  From 
A .  auUeruB  it  differa  in  having  a  nuchal  with  greater  antero- 
posterior width,  the  bone  not  so  thick,  and  with  the  free 
anterior  border  beveled  off  instead  of  being  clipped  off  at 
a  right  angle  with  the  upper  surface. 

A  specimen  in  the  United  States  National 
Museum  (No.  6550)  has  been  questionably 
identified  by  Hay  as  pertaining  to  the  above- 
named  species.  It  consists  of  a  portion  of  the 
nuchal  and  other  parts  of  the  carapace  and 
plastral  bones.  In  Plate  LXXVII,  figure  3, 
are  shown  portions  of  two  costal  plates, 
selected  to  show  the  character  of  the  ornamen- 
tation. 

This  specimen  was  collected  in  1909  by 
Messrs.  Gardner  and  Gidley  in  San  Juan  Basin 


deposits  [see  footnote,  p.  295]  at  Ojo  Alamo,  San 
Juan  County,  N.  Mex.  The  catalogue  number  of  the  spec 
imen  is  6068.  The  remains,  belonging  apparently  to  a 
single  individual,  consist  of  the  nuchal  except  the  central 
portion,  part  of  both  first  costals,  the  greater  part  of  a  right 
posterior  costal,  probably  the  sixth,  various  fragments  of 
costals,  a  piece  furnishing  parts  of  two  neurals,  and  a  con- 
siderable portion  of  the  right  hypoplastron. 

The  species  is  characterized  by  the  very  thick  bones  and 
the  coarse  sculpture  of  both  the  carapace  and  plastron. 

On  account  of  the  miwdng  middle  region  of  the  nuchal, 
the  exact  lateral  extent  of  this  bone  can  not  be  determined. 
It  was,  however,  not  far  from  230  millimeters,  being  thus 
somewhat  less  than  that  of  A.  fontanuSf  just  described. 
The  greatest  width  is  45  millimeters,  a  fourth  leas  than  that 
of  A.  /(mtanu8.  The  greatest  thickness  of  the  bone  is  21 
millimeters.  The  free  anterior  border  is  not  beveled  but 
is  cut  off  at  nearly  right  angles  with  the  upper  surface,  like 
that  of  the  species  just  mentioned.  The  thickness  of  this 
border  varies  from  10  millimeters  toward  the  midline  to 
15  millimeters  near  the  outer  end. 

The  first  costal  is  about  72  millimeters  wide  near  the 
neural  border,  and  it  increases  to  80  millimeters  near  the 
distal  end.    The  free  border  is  cut  off  at  a  nearly  right 
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The  fragment  of  a  costal  plate  (No.  8351) 
shown  in  Plate  LXXVII,  figure  1,  is  identified 
provisionally  as  pertaining  to  the  present  spe- 
cies. It  agrees  with  the  type  specimen  in  being 
thick  and  heavy  and  especially  in  the  character 
of  the  surface  ornamentation,  which  is  made 


angle  to  the  upper  surface.  The  thickueeB  of  this  border 
is  10  miUimeters  or  more.  The  hinder  border  of  this  bone 
is  10  miUimeters  thick. 

The  posterior,  probably  the  sixth,  costal  is  25  millimeters 
wide  110  millimeters  from  the  distal  end,  but  it  widens 
rapidly  to  55  millimeters.    The  free  border  is  like  that  of 
the  first  costal.    There  must  have  been  a  considerable 
notch  between  this  costal  and  the  one  next 
behind.    In  thickness  this  costal  ranges 
between  9  milUmeters  near  the  proximal 
end  and  10  millimeters  at  the  distal  end. 

The  sculpture  of  the  carapace  is  best  dis- 
played toward  the  free  borders.  It  con- 
sists of  abruptly  sunken  pits,  of  which 
there  are  usually  five  in  a  line  20  milli- 
meters long.  Closer  to  the  free  borders  the 
pits  are  smaUer.  Nowhere  does  there  ap- 
pear any  tendency  for  the  formation  of 
straight  rows  of  pits,  such  as  are  seen  on 
the  costals  of  Amyda  carioM,  of  the  New 
Mexico  Wasatch.    On  the  portions  of  the 

carapace  near  the  midline  the  pitsaraless    F,eimi  4i.-li!ght  bypoplMtrai  of  A»pUenu$^muimuBMj.    Tyi»,  No.  ooos,  Am. 
conspicuous.    They  appear  to  be  as  laige,  utu.  Nat.  Hist.  About  two-flftiu  natural  iltc.   (Afi«  Hay.) 

but  the  walls  appear  worn  down. 


C '" 


M 


The  hypoplastron  [fig.  41]  is  thick  and  heavy.  At  the 
suture  with  the  hypoplastron,  not  far  from  the  midline,  the 
thickness  is  13  millimeters.  One  border  of  the  notch  for 
the  process  of  the  xiphiplastron  remains.  This  bone  was 
articulated  with  the  hypoplastron  by  a  jagged  suture,  and 
it  must  have  extended  anteriorly  near  the  midline.  The 
outer  end  of  the  hypoplastron,  near  the  bases  of  the  lateral 


up  of  abruptly  sunken  pits  without  definite  ar- 
rangement in  rows.  It  was  collected  by  Mr. 
Bauer  28  miles  souih  of  San  Juan  River  (see 
locality  61,  section  D,  PI.  LXIV),  *' about  250 
feet  above  the  Pictured  Cliffs  sandstone/'  in 
the  Fniitland  formation. 

Aapideretea  foBtaaiu  Hay. 


Text  figure  42. 

Aspideretes  fontanua  Hay,  The  fossil  turtles 
of  North  America:  Carnegie  Inst. 
Washington  Pub.  75,  pp.  494-496, 
text  fig.  648, 1908. 

The  original  description  follows: 

From  theLaramie  beds  [see  footnote,  p.  295] 
at  Ojo  Alamo,  San  Juan  County,  N.  Mex., 
Mr.  Bamum  Brown,  of  the  American  Mu- 
seum of  Natural  History,  in  1904  brought 
materials  belonging  apparently  to  three 
species  of  the  genus  Aspideretes.  Of  these 
the  present  is  represented  by  nearly  the 
whole  of  the  right  half  of  the  nuchal  and  a 
FiQu»K42^P^  of  nuchal  and  first  rig^^^  Type,  No    considerable  part  of  the  right  first  costal. 

6070,  A^.  Mus.  Nat.  Hist.    About  two-fifths  natural  sJie.    (After  Hay.)  _,,  ,         ,xt^  •  •    «/*«/v 

The  number  of  the  specimen  is  6070. 


processes,  is  16  millimeters  thick.  Evidently  nearly  the 
whole  lower  surface  of  the  plastron  was  covered  by  the 
sculptured  layer.  The  pits  are  smaller  than  those  of  the 
carapace,  there  being  about  seven  pits  in  a  line  20  milli- 
meters long.  Many  of  them  coalesce  to  form  winding 
furrows. 

This  species  differs  from  A.  fontanus  in  having  a  nar- 
rower nuchal,  much  thicker  bones,  and  a  considerably 
coarser  sculpture.  It  is  referred  to  Aspideretes  provi- 
sionally. 


At  no  point  does  this  piece  of  nuchal  come  to  the  mid- 
line; hence  we  can  not  determine  the  exact  extent  of  the 
bone  laterally.  It  was,  however,  not  far  from  260  milli- 
meters. The  ftT>ifrnil  was  therefore  one  of  considerable 
size.  The  inner  hinder  angle  of  the  bone  presents  a  part 
of  the  sutural  border  for  the  preneural,  and  from  this  to 
the  outer  end  of  the  nuchal  is  125  millimeters.  The  width 
of  the  bone  where  it  came  in  contact  with  the  preneural 
is  60  millimeters.  The  anterior  border  is  not  beveled  but 
is  cut  o£f  nearly  at  right  angles  with  the  upper  surface. 
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The  greatest  thicknesB,  through  the  ridge  on  the  lower  sur- 
face, is  16  millimeterB.  Where  it  made  contact  with  the 
preneural  the  thickness  is  only  4  millimeters. 

The  portion  of  the  costal,  the  proximal  half,  almost 
certainly  belongs  to  the  same  individual.  At  its  proximal 
end  it  presents  the  sutural  borders  for  the  preneural  and 
the  first  neural.  Evidently  the  preneural  was  somewhat 
wider  than  the  neural.  Its  length  was  at  least  40  milli- 
meters. The  border  of  the  costal  for  union  with  the  neu- 
ral is  7  millimeters  thick.  About  the  middle  of  the  length 
of  the  hinder  border  of  the  costal  the  thickness  is  7  mil- 
limeters. 

The  upper  surfoce  of  the  bone  is  incrusted  with  a  layer 
of  iron  oxide,  but  so  far  as  can  be  discovered  the  sculpture 
was  finer  than  in  the  other  two  species  found  in  that 
region,  A.  au8tena  and  A.  vorax.  The  few  pits  observed 
appear  to  be  about  2.5  millimeters  in  diameter. 

The  respects  in  which  this  species  differs  from  those 
just  named  are  mentioned  under  their  respective  descrip- 
tions. 

CUss  FISCBS. 

Two  genera  of  fishes  have  been  provisionally 
identified  from  the  deposits  in  San  Juan  Basin. 
On  account  of  the  dose  similarity  between 
them  and  the  fish  remains  found  in  the  Judith 
River,  Belly  River,  Two  Medicine,  and  Lance 
formations,  they  are  of  Uttle  value  for  correla- 
tion, although  they  give  some  indication  of  the 
character  of  the  &h  that  inhabited  the  waters 
at  the  time  these  deposits  were  laid  down. 

Myledaphns  sp. 

Plate  LXXVII,  figure  4. 

MyUdaphus  hipartitus  Cope,  Acad.  Nat.  Sci.  Philadelphia 
Proc.,  1876,  p.  260. 

This  genus  of  pavement-toothed  fish  is  rep- 
resented by  a  considerable  number  of  detached 
teeth  (No.  8356,  U.  S.  N.  M.)  found  by  Mr. 
Bauer's  party  *'30  miles  south  of  Farmington 
and  4  miles  east  of  the  reservation  line,''  in 
the  lower  part  of  the  Kirtland  shale  Qocality 
80,  section  E,  PI.  LXIV).  Teeth  of  this  pat- 
tern are  found  in  the  Lance,  Judith  River,  and 
Belly  River  deposits.  The  teeth  f oimd  by  the 
Bauer  party  can  not  be  distinguished  from 


teeth  from  the  Judith  River  described  by  Cope 
as  Myledaphus  Mpartitus,  but  it  would  be  quite 
impossible  to  identify  species  from  teeth  of 
such  simple  pattern. 

Lepisostena  sp. 

Plate  LXXVII,  figure  5. 

The  genus  Lepisosteus  was  founded  on 
lozenge-shaped  scales.  Similar  scales  occur  in 
the  Lance,  Two  Medicine,  Judith  River,  and 
Belly  River  formations,  and  the  present  speci- 
mens probably  represent  more  than  one  spe- 
cies, but  the  material  is  too  inadequate  to 
identify  species.  These  scales  have  been  found 
in  the  San  Juan  Basin  in  the  localities  named 
below: 

''One  mile  south  of  camp  No.  6,  30  miles 
south  of  Farmington,  1  mile  east  of  reserva- 
tion; 10  feet  above  highest  coal"  (locality  76, 
section  E,  PL  LXIV) .     Fruitland  formation. 

''About  30  miles  south  of  Farmington  and 
4  miles  east  of  reservation  Qocality  80,  section 
E).     Kirtland  shale. 

"North  side  of  Barrel  Spring  Arroyo,  about 
1  mile  south  of  Ojo  Alamo  store,  1,000  feet 
west  of  wagon  road;  II  feet  above  base  of 
lower  conglomerate  of  Sinclair  and  Granger" 
Gocality  67,  section  F) .     Ojo  Alamo  sandstone. 

"About  30  miles  south  of  San  Juan  River 
and  5^  miles  east  of  the  reservation  line,  on 
trail  up  Himter  Arroyo"  Gocality  72,  section 
E).     Kirtland  shale. 

" One  mile  north  of  west  of  Ojo  Alamo  store; 
25  feet  below  the  upper  conglomerate  of  Sin- 
clair and  Granger  [locahty  62,  section  F]. 
There  is  no  lower  conglomerate  at  this  point; 
it  is  apparently  consolidated  with  the  upper." 
Upper  part  of  Kirtland  shale. 

"North  side  of  Barrel  Spring  Arroyo,  half  a 
mile  west  of  wagon  road  from  Ojo  Alamo;  10 
feet  above  lower  conglomerate"  Gocality  63, 
section  F).     Ojo  Alamo  sandstone. 


PLATES  LXXII-LXXVIII 
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A.    SKULL    OF    KRITOSAURUS    NAVAJOVIUS    BROWN. 

Type.     No.  5799,  Am.  Mus.  Nat.  Hist.     About  one-sixth  natural  size.     A  comparison  with  B  shows  that  ths 


B.    SKULL    OF    KRITOSAURUS    NOTABILIS    (LAMBE>. 

ly  described  as  the  type  of  Gryposauru 


u.  S.  OEOLoaiCAL  ujnvEr  professional  paped  m   plate  l 


PLATE   LXXIII. 

Figure  1.  Left  dentaiy  of  carnivorous  dinoflaur,  poasibly  pertaining  to  the  genus  Deinodon.    No.  8346,  U.  S.  N.  M. 

About  one-third  natural  size. 
FiouRB  2.  Right  scapula  of  Kritosaurus?  sp.    No.  8354,  U.  S.  N.  M.    About  one-fourth  natural  size. 
FiouRs  3.  Lower  tooth  of  KritoMwrus  navajavius  Brown.    Type.    No.  5799,  Am.  Mus.  Nat.  Hist.    Internal  view. 

Enlaiged  1}  diameters.    (After  Brown.) 
FiouBB  4.  Tooth  of  carnivorous  dinosaur.    No.  8355,  U.  S.  N.  M.    a,  Lateral  view;  5,  end  view.    Enlarged  2  diameters. 

This  tooth  resembles  closely  one  figured  and  described  by  Leidy  as  pertaining  to  Deinodon  horriduM, 
FiouRB  5.  Right  dentary  of  KrUosauniM  navajoviua  Brown.    Viewed  from  the  internal  side.    Type.    No.  5799,  Am. 

Mus.  Nat.  Hist.    About  one-fifth  natural  size.    (After  Brown.) 
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PLASTRON    OF    NEURANKYLUS    BAUER1. 

Type.     No.  8344.  U.  S.  N.  M.     Ventral  view.     One-third  natural  s 


J.  8.  QEOLOOICAL  SURVEY  PROFESSIONAL  PAPER  tS    PLATE  LXXVl 


A.    CARAPACE    OF    BAENA    NODOSA. 
Type.     No.  8J45,  U.  S.  N.  M.     Dorsal  view.     One-fourth  natural  s 


R     PLASTRON    OF    THE    SAME    SPECIMEN. 

Ventral  view.     One-fourth  natural  size. 


I.  S.  OEOUXIICAL  SURVEY 
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PLATE  LXXVII. 

FiouRB  1.  AspideretM  amterus  Hay.  Distal  end  of  costal  plate.  No.  8351,  U.  S.  N.  M.  Natural  size.  Shows  the 
abruptly  sunken  pits  which  form  the  characteristic  ornamentation  of  the  carapace. 

Fiou&B  2.  Adocus  viganUut  Hay.  T3rpe.  No.  6554,  U.  S.  N.  M.  A  part  of  a  peripheral  above  the  bridge  to  show  the 
ornamentation.    The  upper  border  of  the  bone  is  toward  the  left.    Natural  size.    (After  Hay.) 

FlQURSB  3,  3*.  Aspideretes  vorax  Hay.    Costal  plates  to  show  the  ornamentation.    No.  6550,  U.  S.  N.  M.    Natural  size. 

FiouRB  4.  Myledaphus  sp.    Tooth.    No.  8356,  U.  S.  N.  M.    Enlaiged  2  diameters. 

Figure  5.  Lepisoeteus  sp.    Scale  from  the  side  of  the  body.    No.  8357,  U.  S.  N.  M.    Enlarged  2  diameters. 
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PLATE  LXXVIII. 

Figure  1.  Plaatomenus  sp.    Left  hypoplastral  bone.    No.  8350,  U.  S.  N.  M.    About  three-fourths  natural  size. 
FiouRB  2.  Gompsemys  sp.    Portion  of  a  costal  scute.    No.  8349,  U.  S.  N.  M.    Enlarged  2  diameters. 
Figure  3.  Adocva  vigoratus  Hay.    Seventh  peripheral,  left  side.    No.  6554,  U.  S.  N.  M.    Natural  size. 
Figure  4.  Adocutt  lincolatus  Cope.    Seventh  peripheral,  left  side.    No.  8348.  U.  S.  N.  M.    Natural  size. 
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3.  NONMARINE  CRETACEOUS  INVERTEBRATES  OF  THE  SAN  JUAN  BASIN. 


By  T.  W.  Stanton. 


In  the  San  Juan  Basin  of  New  Mexico  and 
southwestern  Colorado  the  formations  that 
have  yielded  marine  Cretaceous  faunas  are, 
beginning  at  the  base,  the  Mancos  shale,  the 
Mesayerde  formation,  the  Lewis  shale,  and 
the  Pictured  Cliffs  sandstone.  The  fossils  ob- 
tained below  the  middle  of  the  Mancos  shale 
belong  to  the  fauna  of  the  Colorado  group; 
those  obtained  above  that  line  belong  to  the 
fauna  of  the  Montana  group. 

East  of  the  moimtains,  in  the  Denver  Basin 
and  more  northern  areas,  the  Montana  group 
consists  of  the  thick  Pierre  shale  at  the  base  and 
the  thinner  Fox  Hills  sandstone  above.  The 
faunas  of  these  two  formations  are  closely  re- 
lated, but  each  has  its  own  distinctive  species. 

It  might  naturally  be  inferred  from  purely 
stratigraphic  and  lithologic  considerations  that 
the  Pictured  Cliffs  sandstone  shoiild  be  corre- 
lated with  the  Fox  Hills  sandstone,  for  each  is 
the  latest  marine  sandstone  in  its  respective 
section.  The  direct  faunal  evidence,  however, 
does  not  support  this  correlation.  Although 
the  known  faima  of  the  Pictured  Cliffs  sandstone 
consists  of  only  a  few  species  and,  taken  as  an 
assemblage,  agrees  with  the  known  stratigraphy 
in  mdicating  late  Montana  age,  it  lacks  all  the 
strictly  characteristic  Fox  Hills  forms  and  in- 
cludes some  which  are  not  known  elsewhere 
above  the  Pierre  shale.  The  f aima  itself,  there- 
fore, suggests  for  the  Pictured  Cliffs  sandstone 
an  age  sUghtly  older  than  the  Fox  Hills. 

Overlying  the  Pictured  Cliffs  sandstone  with 
apparent  conformity  in  the  San  Juan  Basin 
and  underlying  the  Puerco  formation  is  a  group 
of  nonmarine  sediments,  coal  bearing  in  the 
lower  part,  which  in  many  previous  reports 
have  been  referred  more  or  less  doubtfully  to 
the  Laramie  formation.  The  rocks  occupying 
this  interval  are  fully  described  and  a  consider- 
able area  of  them  is  mapped  in  the  accompany- 


ing stratigraphic  paper  by  C.  M.  Bauer,^  who 
recognizes  in  them  three  formations — the  Fruit- 
land  formation  containing  all  the  coal  beds  at 
the  base,  the  Kirtland  shale  in  the  middle,  and 
the  Ojo  Alamo  sandstone  at  the  top.  The 
vertebrate  f aima  and  the  flora  of  these  forma- 
tions are  described  and  discussed  by  C.  W.  Gil- 
more  *  and  F.  H.  Knowlton,'  respectively.  The 
invertebrates,  which  form  the  subject  of  the 
present  paper,  nearly  all  come  from  the  IVuit- 
land  formation.  Of  the  27  species  discussed 
only  two,  Unio  pyramidaioides  and  U.  hauerij 
were  collected  in  the  Kirtland  shale,  and  none 
was  found  in  the  Ojo  Alamo  sandstone.  A  few 
collections  from  southern  Colorado  a  short  dis- 
tance north  of  the  area  mapped  by  Mr.  Bauer 
have  been  included  in  the  discussion  because 
they  are  obviously  from  the  equivalent  of  the 
Fruitland  formation. 

The  general  facts  concerning  the  strati- 
graphic range  and  relationships  of  the  inverte- 
brate species  may  be  most  easily  presented  in 
tabular  form,  as  shown  on  page  310. 

The  list  of  species  shows  that  the  nonmarine 
invertebrates  of  the  Fruitland  formation  in- 
clude both  a  fresh-water  fauna  and  a  brackish- 
water  fauna.  The  latter  is  mostly  confined  to 
several  thin  bands  in  the  lower  half  of  the 
formation,  though  many  of  the  collections  show 
both  fresh-water  and  brackish-water  forms  com- 
mingled. The  Corbida  and  the  Neritina  espe- 
cially are  foimd  with  so  many  fresh-water 
associates  at  several  localities  that  the  sugges- 
tion is  justified  that  they  may  have  ranged 
into  fresh  waters,  like  some  of  their  living  con- 
geners. The  fresh-water  faima  is  especially 
notable  for  the  greatly  varied  development  of 
the  genus  Unio  and  for  the  abundance  and 
considerable  variety  of  the  gastropods. 


i  U.  8.  Oe(d.  8iiiT«y  Prof.  Pap«r  W-P. 
s  U.  8.  Geol.  Survey  Prof.  Paper  QS-Q. 
•  U.  8.  Oeol.  8uiTe7  Prof.  Paper  »-&. 
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Stratigraphic  range  of  nonmarine  invertebrate  of  the  San  Juan  Basin. 


Ostrea  glabra  Meek  and  Hayden. 
Anomia  gryphorhynchus  Meek. . 

Anomia  gryphfieif onnis  n .  ep 

Modiola  uiticoetata(  White) 

Unio  holmeeianus  White 

Unio  amarillengifl  n.  bi 


9 

•3 

•3 


Unio  pyramidatoides  Whitfield? 

Unio  gardneri  n.  ep 

Unioreesidein.fip 

Unio  brachyopistnufl  White 

Unio  bauen  n.  sp , 

Unio  neomexicanus  n.  Bp 

Unio  brimhallensifl  n.  sp 

Unio  Bp.  cf .  U.  primaevns  White 

Corbicula  cytheriformiB  (Meek  and  Hayden) 

Corbula  chacoensifl  n -sp 

Panopsea  simulatiix  Wbiteaves? 

Tereaina  neomexicana  n.  sp 

Neritina  baueri  n.  ap 

Neritina  (Velatella)  sp 

Gampeloma  amarillensis  n.  sp 

Tulotoma  thompeoni  White 

Melania  insculpta  Meek? 

Goniobaais?  subtortuosa  Meek  and  Hayden . . 

Physa  reeeidei  n.  sp 

Phyaa  sp 

Plsjiorbis  (Bathyomphalus)  chacoensis  n.  sp. 
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Note. — In  this  table  ''  x  "  indicates  the  identical  species  named  in  the  same  horizontal  line  and  ''  r  "  indicates 
a  closely  related  form. 


The  distribution  of  the  species  as  exhibited 
in  the  table  may  seem  at  first  glance  to  indicate 
that  the  Fniitland  fauna  is  about  as  closely 
related  to  the  Mesaverde  and  Judith  River 
faimas  (which  are  approximately  contempo- 
raneous with  each  other)  as  it  is  to  the  Lance 
and  Laramie  faunas.  A  closer  analysis  of  the 
table,  however,  will  show  that  most  of  the 
species  occurring  or  represented  by  related 
forms  in  the  Mesaverde  and  Judith  River  are 
long-hved  brackish-water  species  which  range 
at  least  as  high  as  the  Laramie.  Melania  in- 
sculpta  belongs  to  this  class,  for  like  all  the 
other  American  Cretaceous  species  referred  to 
Melania  it  is  invariably  associated  with  brackish- 
water  forms.  The  only  two  Pruitland  species 
with  an  outside  distribution  which  do  not  else- 
where range  into  the  higher  formations  are 
Modiola  laticostata,  from  the  Mesaverde,  and 
Oomohamst  subtortuosay  from  the  Judith  River. 


With  the  fresh-water  species,  especially  those 
belonging  to  the  genus  Unio,  the  case  is  differ- 
ent. The  majority  of  the  identical  and  closely 
related  species  are  foimd  in  the  Laramie,  the 
so-called  *' Lower  Laramie''  of  southern  Wyo- 
ming, and  the  Lance  and  do  not  range  below 
these  formations.  It  is  my  opinion,  therefore, 
that  the  invertebrate  evidence  as  a  whole 
favors  the  assignment  of  the  Fniitland  forma- 
tion to  an  epoch  considerably  later  than  Mesa- 
verde and  Judith  River  and  possibly  somewhat 
earUer  than  Lance.  If  due  weight  is  given  to 
the  known  stratigraphic  relations  and  to  the 
faimal  evidence  from  the  underlying  forma- 
tions, the  Fniitland  can  hardly  be  older  than 
Fox  Hills,  and  the  sequence  from  the  base  of 
the  Fniitland  up  to  the  top  of  the  Ojo  Alamo, 
which  is  conformable,  according  to  Mr.  Bauer, 
may  include  the  equivalents  of  everything  from 
the  Fox  HiUs  to  the  Lance  inclusive. 
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Ostrea  glabra  Meek  and  Hayden  yar. 

Plate  LXXIX,  figures  1-3. 

The  New  Mexican  specimens  referred  to  the 
widespread  and  long-lived  species  Ostrea  glabra 
show  scarcely  perceptible  differences  from  the 
variety  from  the  Mesaverde  formation  at  Point 
of  Rocks,  Wyo.,  described  mider  the  name  0. 
tDyamingenais.  The  species  was  originally  de- 
scribed from  the  Judith  River  formation,  but  it 
also  ranges  into  the  Fox  Hills,  Laramie,  and 
Lance  formations. 

Locality  and  position:  The  specimens  here 
figured  are  from  Bauer's  locality  12,  in  Amarillo 
Canyon,  10  miles  south  of  Jewett  (locality 
9279),  in  the  Fruitland  formation,  37  feet 
above  its  base.  It  was  also  collected  from  the 
same  horizon  12  miles  south  of  San  Juan  River 
and  2  miles  east  of  Chaco  River.  Another  lot 
provisionally  identified  ssO.siLbtrigonalis  Evans 
and  Shumard,  from  Coal  Creek,  37  miles  south 
of  Farmington,  N.  Mex.,  may  be  only  young 
specimens  of  this  species. 

Anemia  {ryphorhynchos  Meek. 

Plate  LXXIX,  figures  7  and  8. 

Anomiaf  grypharhynchus  Meek,  U.  S.  Geol.  Survey  Terr. 

Fifth  Ann.  Rept,  p.  375,  1872. 
ATiomia  gryphorhynchiu  White,  U.  S.  Geol.  Survey  Terr. 

Twelfth  Ann.  Rept.,  pt.  1,  p.  57,  pi.  25,  figs.  la-<;, 

1880;  U.  S.  Geol.  Survey  Third  Ann.  Kept.,  p.  16, 

pi.  12,  figs.  12-15,  1883. 

The  New  Mexican  specimens  of  ATwmia  gry- 
phorhynchus  agree  very  well  with  the  type 
lot  from  the  Mesaverde  formation  at  Point  of 
Rocks,  Wyo.,  especially  with  those  individuals 
which  have  very  fine  radiating  striae,  barely 
visible  without  a  lens,  though  many  of  the 
Wyoming  shells  have  no  sculpture  other  than 
concentric  growth  lines.  The  species  also  occurs 
in  the  Laramie  of  Crow  Creek,  Colo.,  and  in  the 
Black  Buttes  coal  group  at  Black  Buttes  sta- 
tion, Wvo. 

An  average  specimen  measures  20  milli- 
meters in  height  and  18  millimeters  in  length. 

LocaUty  and  position :  In  the  lower  part  of 
the  Fruitland  formation  3  miles  northwest  of 
Fruitland,  N.  Mex.  flocaUty  3475),  where  it  is 
associated  with  Modiola  laticostata,  Corbicula, 
and  other  forms. 


Anomia  grypluBiforiiiis  Stanton*  n.  sp. 

Plate  LXXIX,  figures  4-6. 

Shell  small,  of  variable  outline,  but  usually 
much  higher  than  long,  very  convex  and  with 
strongly  incurved  beaks,  so  that  the  general 
aspect  is  that  of  a  small  GryphsBa.  Surface 
marked  by  conspicuous,  threadlike  radiating 
ribs,  usually  about  30  in  number,  varying  con- 
siderably in  size  but  relatively  somewhat  coarse 
compared  with  the  size  of  the  shell.  Lower 
valve  not  seen. 

The  form  varies  considerably,  as  in  all  species 
of  this  genus,  but  most  of  the  specimens  seen 
resemble  the  one  represented  by  figures  4  and 
5,  which  measures  20  millimeters  in  height,  14 
millimeters  in  length,  and  12  millimeters  in 
convexity  of  single  valve.  Another  specimen 
representing  nearly  the  extreme  in  variation  is 
subcircular  in  outline,  measuring  18  millimeters 
in  height  and  length  and  9  millimeters  in  con- 
vexity of  single  valve. 

The  coarser  sculpture,  smaller  size,  more 
slender  convex  form,  and  more  conspicuous 
beaks  distinguish  this  species  from  A.  micros 
nema  Meek,  which  is  probably  its  nearest  rela- 
tive in  the  western  Cretaceous. 

LocaUty  and  position:  The  types  were  col- 
lected by  J.  H.  Gardner  in  the  SE.  \  see.  19, 
T.  34  N.,  R.  4  W.,  in  Colorado,  from  beds  that 
are  doubtless  equivalent  to  the  Fruitland  for- 
mation. Other  specimens  came  from  Beaver 
Creek  in  T.  35  N.,  R.  6  W.,  in  a  neighboring 
part  of  southwestern  Colorado. 

Modiola  laticostata  (White). 

Plate  LXXIX,  figures  9  and  10. 

Volulla  (Brachydontes)  laticostata  White,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  BuU.,  vol.  4,  p.  708, 1878;  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Twelfth  Ann.  Rept., 
pt.  1,  p.  59,  pi.  26,  fig.  4a,  1880;  U.  S.  Geol.  Sur- 
vey Third  Ann.  Rept.,  p.  423,  pi.  13,  fig.  2, 1883. 

The  type  of  this  species  is  from  the  Danf orth 
Hills,  near  White  River  Indian  Agency,  Colo., 
where  it  occurs  in  beds  now  referred  to  the 
Mesaverde.  It  is  incomplete  at  both  ends,  but 
in  form  and  sculpture  it  agrees  perfectly  with 
some  of  the  larger  and  much  better  preserved 
specimens  from  New  Mexico  here  referred  to 
the  species.     The  two  examples  figured  show 
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that  the  species  varies  in  breadth  and  curva- 
ture, but  tiiie  variation  in  these  particulars  is 
even  greater  than  they  indicate. 

Locality  and  position:  All  the  New  Mexican 
examples  are  from  the  lower  part  of  the  Fniit- 
land  formation  near  Fruitland.  The  two  fig- 
ured were  collected  by  the  late  Robert  For- 
rester and  labeled  *'Fruitland''  OocaUty  7077). 
Other  lots  were  coUeoted  by  Schrader  and 
Shaler  3  miles  northwest  of  Fruitland,  a  quar- 
ter of  a  mile  southeast  of  the  Bruce  mine 
Qocality  3476),  and  by  Gardner  at  Thurling's 
limekiln,  4  miles  north  of  Fruitland  Gocality 
4002). 

UbIo  hotaiieilaBiw  White 

Plate  LXXX,  figures  1-7. 

Unio  holmuumuM  White,  U.  S.  Geol.  and  Geog.  Survey 
TeiT.  Bull.,  vol.  3,  p,  604, 1877;  U.  8.  Geol.  and  Geog. 
Survey  Terr.  Twelfth  Ann.  Rept.,  pt.  1,  p.  67,  pi. 
22,  figB.  4a-e,  1880;  U.  8.  Geol.  Survey  Third  Ann. 
Rept.,  p.  433,  pi.  17,  figs.  2-6,  1883. 

The  published  descriptions  and  figures  of  this 
striking  species  are  full  and  accurate  except  in 
some  minor  details  of  sculpture,  which  are  not 
well  preseFved  on  the  types  and  were  slightly 
misinterpreted  by  the  artist,  as  may  be  seen  by 
comparing  the  original  figures  with  the  photo- 
graphs of  the  same  specimens  as  reproduced  in 
figiures  1  and  2.  The  radiating  ridges  on  the 
posterior  part  of  the  larger  specimen  are  in 
part  due  to  accidental  distortion  and  are  not 
conspicuous  on  any  other  adult  sheU  in  the 
type  lot. 

The  strong  beak  sculpture,  which  is  the 
characteristic  feature  of  the  species,  covers  the 
umbonal  region  of  the  sheU  for  a  distance  of  16 
to  20  millimeters  from  the  apex.  It  consists 
near  the  apex  of  sharp,  slightly  undulating  con- 
centric ridges  which  are  almost  parallel  with 
the  growth  lines,  but  within  a  short  distance 
these  ridges  become  more  wavy  and  develop  a 
deep  V-shaped  sinus  with  its  apex  in  the  broad 
umbonal  furrow  that  lies  just  in  advance  of  the 
posterior  umbonal  ridge.  Subordinate  sinuses 
are  developed  on  the  anterior  portion  of  some 
shells.  The  anterior  part  of  the  shell  thus 
becomes  covered  with  strong  undulating  ridges 
which  run  from  the  anterior  margin  obliquely 
backward  and  downward  to  the  umbonal  fur- 
row. The  rather  narrowly  rounded  umbonal 
ridge  is  usually  crossed  by  several  short  trans- 
verse ridges  that  are  almost  at  right  angles  to 


the  main  sculpture  of  the  front  part  of  the 
shell,  where  the  continuation  of  this  second 
system  of  ridges  is  sometimes  faintly  shown. 
Small  irregular  radiating  lines  with  varying 
development  on  different  individuals  diverge 
from  the  umbonal  ridge,  some  passing  to  the 
posterior  margin  and  others  toward  or  to  the 
basal  mai^n,  thus  extending  farther  on  the 
adult  shell  than  the  other  elements  of  beak 
sculpture.  Well-preserved  shells  also  show  a 
threadlike  raised  line  running  from  the  beak 
down  the  crest  of  the  umbonal  ridge  and  a 
similar  line  midway  between  it  and  the  pos- 
terior margin. 

The  dimensions  given  by  White  Gength  45 
millimeters,  height  42  milluneters)  are  about 
the  average  for  an  adult  shell. 

Geographic  and  stratigraphic  distribution: 
The  specimen  from  which  this  species  was 
originally  described  was  found  near  the  base  of 
the  coal-bearing  rocks  near  Black  Buttes  sta- 
tion, Wyo.  The  beds  at  this  locaUty  have  at 
difiFerent  times  and  by  different  geologists  been 
assigned  to  the  Wasatch,  the  Laramie,  the 
Lance,  and  a  horizon  intermediate  between  the 
Laramie  and  Lance.  My  own  opinion  is  that 
the  beds  should  be  correlated  with  the  lower 
part  of  the  Lance.  Unio  hcltnesianus  has  also 
been  collected  from  the  Lance  formation  on 
Lance  Creek,  Wyo.,  and  Fish  Creek,  Mont., 
from  beds  of  approximately  the  same  age  near 
Belfry,  Mont.,  and  from  the  ''Lower  Laramie" 
as  mapped  by  Veatch  3  miles  west  of  Carbon, 
Wyo.  A  closely  similar  if  not  identical  form 
described  by  Whitfield  under  the  name  V. 
frrotemi  was  obtained  from  the  ''HellCreekbeds," 
now  referred  to  the  Lance  formation  on  Snow 
Creek,  130  miles  northwest  of  Miles  City,  Mont. 

Li  the  San  Juan  Basin  of  New  Mexico  and 
Colorado  the  species  has  been  found  only  in  the 
Fruitland  formation,  which  in  the  past  has  some- 
times been  tentatively  referred  to  the  Laramie. 
It  was  collected  by  C.  M.  Bauer's  party  from 
his  localities  4,  14,  17,  18,  and  77,  which  are, 
respectively,  40  feet  above  the  base  of  the  for- 
mation, 1  mile  south  of  Fruitland  Qocality  9268) ; 
115  to  140  feet  above  the  base  (locality  9270), 
140  feet  above  the  base  Gocality  9271),  and  150 
feet  above  the  base  Gocality  9272)  in  Amarillo 
Canyon,  10  miles  south  of  Jewett;  and  200  feet 
above  the  base  near  Hxmter's  store,  30  miles 
south  of  San  Juan  River  Gocality  9293).  One 
broken  specimen  from  locality  9271  showing 
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beak  sctDpture  is  represented  by  figure  5.  The 
material  from  the  above-named  localities  is 
ample  for  identification,  but  the  specimens  are 
less  perfect  than  those  selected  for  figuring 
from  the  collection  of  J.  H.  Gardner  from 
the  IgasLcio  quadran^e,  Colo.  The  specimens 
represented  by  figures  3  and  4  were  collected 
8  feet  above  "B"  coal  in  sec.  16,  T.  35  N.,  R. 
7  W.  Gocality  6071 ),  and  those  shown  by  figures 
6  and  7, 300  feet  below  the  top  of  the  ''  Laramie ' ' 
in  sec.  19,  T.  36  N.,  R.  8  W.  Qocality  6063). 
For  comparison  with  these  figures  new  illustra- 
tions of  White's  types  are  given  in  figures  1 
and  2.  The  smaller  shell  is  the  original  type, 
on  which  the  first  description  was  based. 

Unio  unariUemris  Stanton,  n.  sp. 
Plate  LXXX,  figures  8  and  9. 

Shell  small;  moderately  convex,  subquad- 
rangular  to  subcircular  in  outline,  with  height 
and  length  nearly  equal;  beaks  rather  promi- 
nent, near  middle  of  hinge  line;  dorsal  margin 
descending  rapidly  and  slightly  excavated  in 
front  of  the  beak,  very  gently  convex  behind 
it;  anterior  and  ventral  margins  regularly 
rounded;  posterior  margin  subtruncate;  sur- 
face strongly  sculptured  for  a  distance  of  about 
10  millimeters  from  the  apex  of  the  beak,  the 
sctdpture  consisting  at  the  apex  of  concentric 
ridges  each  with  a  deep  V-shaped  sinus  on  the 
umbonal  ridge  and  a  shallower  one  near  the 
middle,  but  within  a  short  distance  these 
sinuses  fade  out  into  the  smooth  surface  of  the 
shell  and  only  the  obhquely  descending  ante- 
rior and  posterior  portions  of  the  ridges  are 
developed.  Beyond  the  distance  of  10  milli- 
meters from  the  beak  the  shell  bears  only  fine 
Unes  of  growth  except  on  the  short  posterior 
slope,  where  there  are  five  to  seven  rather 
strong  plications  that  descend  obliquely  from 
the  faintly  marked  imibonal  ridge  to  the  pos- 
terior margin.  Height  of  type,  which  may  be 
immatiu'e,  27  millimeters;  length  29  millime- 
ters. 

This  specimen  belongs  in  the  group  of  U. 
JiolmesianuSy  though  in  sculptiu*e  it  shows  rela- 
tionship with  U.  verrucosjformis  Whitfield  and 
U.  letsmii  Whitfield,  both  of  which  differ  from 
it  in  form  and  in  having  a  line  of  nodes  down 
the  middle  of  the  valve. 


Locality  and  position :  The  type  lot  consists 
of  three  valves  from  Bauer's  locality  14,  in 
Amarillo  Canyon,  10  miles  south  of  Jewett,  N. 
Mex.  Qocality  9270),  115  to  140  feet  above  the 
base  of  the  Fruitland  formation.  Five  speci- 
mens from  the  Lance  formation  on  the  divide 
between  Lance  and  Lightning  creeks,  Wyo. 
(U.  S.  N.  M.,  catalogue  No.  23364),  are  believed 
to  belong  to  this  species,  though  they  are 
sUghtly  larger  and  their  beak  sculptm^e  is  not 
perfectly  preserved. 

Unlo  pyramldatoldea  WUtfleld? 

Plate  LXXX,  figures  12  and  13. 

Unio  pyramidatoidei  Whitfield,  Am.  Mtu.  Nat.  Hist.  Bull., 
vol.  23,  p.  624,  pi.  41,  figs.  1-5,  1907. 

The  imperfect  specimens  doubtfully  referred 
to  Unio  pyramidatoidea  have  very  nearly  the 
same  form  as  U.  liA>lmesianu8  White,  but  they  are 
very  much  larger  and  thicker  than  that  species, 
and  the  beak  sculpture,  so  far  as  it  is  still  dis- 
cernible on  the  eroded  beaks,  while  of  the  same 
general  type  is  not  so  strong  and  does  not  extend 
over  so  much  of  the  shell.  In  all  these  features 
of  size  and  sculpture  they  are  more  like  V. 
pyramidatoideSf  though  fuller  collections  of 
better-preserved  material  may  prove  that  they 
belong  to  a  distinct  species. 

The  larger  specimen  figured  measures  70 
miUimeters  in  height  and  about  72  millimeters 
in  length.  A  slightly  crushed  specimen  from 
Yellow  Jacket  Creek,  Colo.,  measiuies  73  milli- 
meters in  height  and  76  millimeters  in  length. 

Locality  and  position :  The  figured  specimens 
were  obtained  at  Bauer's  locality  32,  17  miles 
south  of  San  Juan  River  and  6  miles  east  of  Chaco 
River,  N.  Mex.  Gocality  9276),  in  the  Kirtland 
shale  150  feet  above  its  base.  Another  speci- 
men believed  to  belong  to  the  same  species 
comes  from  either  the  Kirtland  shale  or  the 
Fruitland  formation  on  Yellow  Jacket  Creek  in 
T.  34  N.,  R.  5  W.,  Colo.;  and  two  small  ex- 
amples, which  may  be  young  shells  of  the 
species,  were  found  140  feet  above  the  base  of 
the  Fruitland  formation  in  Amarillo  Canyon,  10 
miles  south  of  Jewett,  N.  Mex.  (locaUty  9271). 
Whitfield's  types  came  from  beds  now  referred 
to  the  Lance  formation  on  Snow  Creek,  130 
miles  northwest  of  Miles  City,  Mont.  The 
species  has  also  been  recognized  in  the  Lance 
on  Fish  Creek,  Mont. 
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Unio  gardaerl  Stanton,  n.  sp. 
Plate  LXXX,  figures  10  and  11. 

Shell  small;  subcircular  in  outline,  very  con- 
vex; beaks  prominent,  strongly  incurved, 
somewhat  flattened,  situated  near  the  middle  of 
the  hinge  line;  anterior,  ventral,  and  posterior 
margins  forming  a  nearly  regular  curve;  dorsal 
margin  straighter.  Surface  strongly  sculptured 
for  a  distance  of  about  20  millimeters  from  the 
apex  of  the  beak,  the  sculpture  consisting  pri- 
marily of  concentric  ridges  on  which  two  deep 
V-shaped  sinuses  develop — one  on  the  posterior 
umbonal  ridge  and  the  other  near  the  median 
line  of  the  shell.  Within  a  short  distance  these 
ridges  break  up  into  oblique,  more  or  less  curved 
lines  of  nodes,  and  there  are  also  developed  two 
radiating  lines  of  irregular  tubercles,  one  down 
the  middle  of  the  shell  and  the  other  on  the 
posterior  umbonal  ridge,  and  behiod  this  ridge  a 
number  of  small  irregular  curved  ribs  that  ex- 
tend from  it  toward  but  not  to  the  posterior 
margin.  The  rest  of  the  surface  shows  only 
lines  of  growth. 

Height  of  type  specimen  38  millimeters; 
length  43  millimeters;  convexity  of  single  valve 
14  millimeters. 

This  species  belongs  to  the  group  of  Unio 
Utsoni  Whitfield,  of  the  Lance  formation,  from 
which  it  differs  in  being  more  convex,  in  having 
two  lines  of  tubercles  instead  of  one,  and  in 
having  much  less  conspicuous  sculpture  on  the 
posterior  portion  of  the  shell. 

The  species  is  named  for  Mr.  James  H. 
Gardner,  who  collected  the  type. 

Locality  and  position:  Sec.  19,  T.  35  N.,  R. 
8  W.,Ignacio  quadrangle,  Colo,  (locality  6063), 
about  300  feet  below  the  top  of  the  "  Laramie,'' 
probably  in  the  upper  part  of  the  Fruitland 
formation. 

Unio  reeddel  Stanton,  n.  sp. 

Plate  LXXXI,  figure  1. 

Shell  rather  small,  broadly  subelliptical  in 
outUne,  strongly  convex;  beaks  very  incon- 
spicuous, situated  about  one-third  the  length 
of  the  shell  behind  the  front;  anterior  margin 
forming  a  r^ular  curve  from  the  beak  to  the 
ventral  margin,  which  is  more  broadly  curved; 
dorsal  margin  behind  the  beak  gently  convex, 
and  posterior  margin  slightly  subtruncate. 
Beak  sculpture  not  preserved  on  the  specimens 
studied.     Surface  in   advance   of   the   incon- 


spicuous umbonal  ridge  marked  only  by  fine  lines 
of  growth;  posterior  portion,  comprising  about 
two-fifths  of  the  total  surface,  marked  by  8  or 
9  distinct  but  somewhat  irregular  radiating 
pUcations  decreasing  in  size  from  the  umbonid 
ridge  backward  and  upward. 

Height  of  figured  type  46  millimeters;  length 
(restored)  62  millimeters.  A  small  specimen 
measures  39  millimeters  in  height,  49  millime- 
ters in  length,  and  33  millimeters  in  greatest 
convexity  of  both  valves  united. 

The  species  is  named  for  Mr.  J.  B.  Reeside,  jr., 
of  the  United  States  Geological  Survey. 

In  general  features  of  form  and  sculpture 
this  species  suggests  U.  gonionatus  White,  from 
the  "Laramie"  of  Sevier  Cliffs,  10  miles  above 
Panguitch,  Utah,  but  it  is  easily  distinguishable 
by  its  stouter  form  and  the  smaller  size  and 
different  shape  of  the  posterior  phcations. 

Locahty  and  position:  The  type  specimen  was 
obtained  at  Bauer's  locality  48,  25  miles  south 
of  San  Juan  River  and  6  miles  east  of  Chaco 
River,  N.  Mex.  (locality  9288),  about  150  feet 
above  the  base  of  the  Fruitland  formation. 
Other  specimens  were  collected  at  Bauer^s 
locality  21,  12  miles  south  of  the  San  Juan  and 
2  miles  east  of  the  Chaco  (locality  928  P  at 
about  the  same  horizon. 

Unio  brachyopiathua  WUte. 

Plate  LXXXI,  figuiee  2  and  3. 

Unio  brachyopisthtu  White,  in  Powell,  Geology  of  the  east- 
em  portion  of  the  Uinta  Mountains,  p.  126,  U.  S. 
Gool.  and  Geog.  Survey  Terr.,  2d  div.,  1876;  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Twelfth  Ann.  Rept., 
pt.  1,  p.  64,  pi.  22,  figs.  2  a,  b,  1880;  U.  S.  Geol. 
Survey  Third  Ann.  Rept.,  p.  433,  pi.  16,  figs.  7,  8, 
1883. 

This  species,  originally  described  from  speci- 
mens found  in  the  coal-bearing  rocks  at  Black 
Buttes  station,  Wyo.,  is  widely  distributed  in 
the  so-called  "Lower  Laramie ''  of  southern 
Wyoming  and  in  the  Lance  formation  in  the 
eastern  part  of  the  State.  It  varies  consider- 
ably in  outline,  even  at  the  original  locality,  and 
the  smaU  type  specimen  is  relatively  shorter  and 
higher  than  the  average.  In  the  San  Juan 
Basin  it  is  represented  by  the  typical  form  (fig. 
3)  at  Yellow  Jacket  Creek,  Colo,  (locality  7079) , 
and  by  a  more  elongate  form  (fig.  2)  at  Bauer's 
locality  18,  in  Amarillo  Canyon,  10  miles  south 
of  Jewett,  N.  Mex.  (locality  9272),  150  feet 
above  the  base  of  the  Fruitland  formation. 
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Unio  bauerl  Stanton»  n.  sp. 

Plate  LXXXI,  figure  6. 

Shell  of  medium  size,  subovate  in  outline, 
convex  and  thick;  beaks  prominent,  situated  in 
the  anterior  third  of  the  shell;  dorsal  margin  in 
front  of  the  beak  descending  steeply  into  the 
broadly  rounded  front  margin;  postero-dorsal 
margin  nearly  straight  and  forming  an  obtuse 
angle  with  the  subtruncate  posterior  margin; 
ventral  margin  very  broadly  convex.  Beak 
sculpture  not  preserved  on  the  type.  The  rest 
of  the  shell  marked  by  irregular  broad,  rounded 
radiating  pUcations  which  are  strongest  just 
behind  the  umbonal  ridge  and  are  separated 
by  much  narrower  shallow  furrows. 

Height  of  type  57  millimeters;  length  89 
millimeters;  convexity  of  single  valve  about  35 
millimeters. 

The  species  is  named  for  Mr.  C.  Max  Bauer. 

Locality  and  position:  At  Bauer's  locality 
32,  about  17  mUes  south  of  San  Juan  River 
and  6  miles  east  of  Chaco  River,  N.  Mex. 
Gocality  9276),  150  feet  above  the  base  of  the 
Ejrtland  shale. 

Unio  neomexicaniis  Stanton,  n.  sp. 

Plate  LXXXI,  figures  4  and  5. 

Shell  small  to  medium,  obliquely  ovate  in 
outline,  moderately  convex;  beaks  moderately 
prominent,  at  anterior  end  of  shell;  front  mar- 
gin  descending  abruptly  with  very  slight  curva- 
ture  from  the  beaks  for  three-fourths  of  the 
height  and  then  curving  backward  more  rapidly 
to  join  the  nearly  straight  (sUghtly  convex) 
ventral  margin;  posterior  end  obUquely  sub- 
truncate  above  and  broadly  roimded  below. 
A  rather  prominent  rounded  imibonal  ridge  ex- 
tends obhquely  from  the  beak  to  the  postero- 
ventral  margin,  and  in  front  of  this  is  a  broad, 
shallow  depressed  area.  Beak  sciilpture  not 
well  preserved  but  apparently  confined  to  a 
small  area  and  consisting  of  irregular  concen- 
tric ridges.  The  crest  of  the  umbonal  ridge 
bears  a  threadlike  elevated  line,  especially  in 
the  lunbonal  region,  and  a  similar  line  is  Boid- 
way  between  this  and  the  postero-dorsal  mar- 
gin. The  rest  of  the  shell  shows  only  fine  lines 
of  growth. 

Height  39  millimeters;  length  60  millimeters; 
convexity  of  single  valve  19  millimeters. 

Unio  neomedcanua  is  related  to  U.  yroavitus 
White,  which  is   foimd  in   the    coal-bearing 
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rocks  at  Black  Buttes,  Wyo.,  and  in  the  Lance 
formation  on  Lance  Creek,  eastern  Wyoming. 
The  Wyoming  species  differs  in  details  of  out- 
line and  has  much  more  prominent  beaks. 

Locality  and  position:  Represented  by  two 
left  valves  from  the  Fruitland  formation,  150 
feet  above  its  base,  at  Bauer's  locaUty  48,  25 
miles  south  of  the  San  Juan  and  6  miles  east 
of  Chaco  River,  N.  Mex.  Gocality  9288). 

Unio  brimhallenslfl  Stanton,  n.  sp. 

Plate  LXXXI,  figure  7;  PUte  LXXXII,  figuw  1. 

Shell  large,  transversely  broad  ovate,  gently 
convex;  beaks  prominent,  situated  about  one- 
fourth  the  length  of  the  shell  from  the  front; 
dorsal  margin  deeply  excavated  in  front  of  the 
beaks  and  almost  straight  behind  them;  ante- 
rior and  posterior  margins  broadly  and  almost 
equally  roimded;  ventral  margin  more  broadly 
rounded.  Surface  marked  only  by  ordinary 
lines  of  growth  on  the  anterior  half  of  the  valve. 
The  rest  of  the  surface  not  preserved  except 
traces  of  faint  radial  sculpture  near  the  dorsal 
margin  behind  the  beaks. 

The  types  are  two  imperfect  valves,  one  of 
which  shows  the  front  part  of  the  shell  and 
the  other  preserves  th6  outline  of  the  posterior 
part.  The  better  specimen  measures  93  milli- 
meters in  height  and  has  a  convexity  of  about 
30  millimeters  and  an  estimated  length  of 
about  130  millimeters. 

This  species  or  a  closely  similar  form  is  repre- 
sented by  a  cast  retaining  part  of  the  shell  from 
the  Lance  formation  between  Lance  and  Light- 
ning creeks,  eastern  Wyoming.  The  specimen 
measures  102  millimeters  in  height  and  140 
millimeters  in  length. 

Locality  and  position:  On  Brimhalls  Wash 
at  Bauer's  locaUty  48,  about  25  miles  south  of 
San  Juan  River  and  6  miles  east  of  Chaco  River, 
N.  Mex.  (locality  9288),  150  feet  above  the  base 
of  the  Fruitland  formation. 

Unio  sp. 

Plate  LXXXII,  figures  2  and  3. 

cf.  Unio  primasvus  White,  U.  S.  Geol.  and  Geog.  Survey 
Terr.  Bull.,  vol.  3,  p.  599,  1877;  U.  8.  Geol.  and 
Geog.  Survey  Terr.  Twelfth  Ann.  Rept.,  pt.  1,  p. 
70,  pi.  29,  figs.  3  a,  b,  1880;  U.  S.  Geol.  Survey 
Third  Ann.  Rept.,  p.  432,  pi.  14,  figs.  4,  5,  1883. 

Several  small,  poorly  preserved  specimens 
evidently  represent  a  distinct  species  of  Unio 
that  may  be  compared  with  the  Judith  River 
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fonn  C  primstvus  White,  from  which  it  differs 
in  its  more  anterior  beaks,  more  angular  and 
prominent  posterior  umbonal  ridge,  and  prob- 
ably in  details  of  sculpture.  These  differences 
are  probably  of  specific  value,  but  on  account 
of  distortion  and  other  accidents  of  preservation 
it  is  impossible  to  giv^  a  full,  accurate  specific 
description  or  even  to  decide  whether  all  the 
specimens  here  grouped  together  belong  to  a 
single  species.  For  similar  reasons  U.  primasvus, 
with  which  these  specimens  are  compared,  is  in 
the  same  uncertain  status. 

Of  the  two  specimens  figured  the  smaDer  one, 
which  is  only  an  exfoUated  fragment  show- 
ing the  umbonal  r^on,  is  beheved  to  repre- 
sent nearly  the  normal  form.  The  larger  one 
18  obUquely  compressed  so  that  the  posterior 
area  behind  the  umbonal  ridge  is  much 
shortened. 

Locahty  and  position:  The  smaller  specimen 
was  obtained  from  the  Fruitland  formation 
about  150  feet  above  its  base  at  Bauer*s  local- 
ity 48,  25  miles  south  of  San  Juan  River  and  6 
miles  east  of  Chaco  River  locality  9288) ;  the 
larger  one  40  feet  above  the  base  of  the  same 
formation  at  Bauer's  locality  4,  1  mile  south 
of  Fruitland,  N.  Mex.  QocaUty  9268) .  Another 
specimen  was  found  140  feet  above  the  base  of 
the  Fruitland  formation  at  Bauer  s  locahty  21, 
12  miles  south  of  San  Juan  River  and  2  miles 
east  of  the  Chaco. 

Corfoicala  cythcrifomiis  Meek  and  Haydeiu 

Plate  LXXXII,  figure  4. 

CSfrena  (C€rbiculaf)cyther\/ormigMeek  and  Hayden,  Acad. 
Nat.  Sci.  Philadelphia  Proc.  for  1860,  p.  176,  1860. 

Corbicula  qftheriformU  Meek,  U.  S.  Geol.  Survey  Terr, 
Rept.,  vol.  9,  p.  520,  pi.  40,  figs.  5a-«,  1876;  White] 
U.  8.  Geol.  Survey  Terr.  Twelfth  Ann.  Rept.,  pt.  1, 
p.  74,  pi.  21,  figs.  4a^,  1880;  U.  S.  Geol.  Survey 
Third  Ann.  Rept.,  p.  437,  pi.  22,  figs.  1-6,  1883. 

In  the  brackish-water  fauna  that  is  f oxmd  in 
the  lower  part  of  the  Fruitland  formation  the 
genus  Corbicula  is  abundant  at  certain  locah- 
ties,  especially  in  the  neighborhood  of  Fruit- 
land. Several  species  may  be  represented  by 
more  or  less  distorted  and  imperfect  material. 
The  form  here  figured,  however,  agrees  in  every 
particular  with  the  types  of  C.  q/theriformis 
from  the  Judith  River  formation  of  Montana. 
The  species  is  widely  distributed  in  the  Mesa- 
verde  formation  and  also  ranges  up  into  the 
Lance  formation. 


'  Locahty  and  position:  The  specimen  figured 
came  from  Bauer's  locahty  36,  120  feet  above 
the  base  of  the  Fruitland  formation,  18  miles 
south  of  San  Juan  River  and  3  miles  east  of 
Chaco  River,  N.  Mex.  Qocahty  9286),  where  it 
is  associated  with  Carbula  chacoensiSj  Neritina 
bauerif  Viviparus,  Campeloma  amarUUnsis,  and 
TvloUyma  thompsoni, 

Corbola  cbacoeiiflifl  Staatoa,  a.  sp. 

Plate  LXXXII,  figiuee  5  and  6. 

Shell  of  medium  size,  subtriangular  in  outline, 
moderately  convex;  beaks  prominent,  situated 
slightly  in  advance  of  the  middle  of  the  hinge 
hne;  dorsal  maigin  descending  steeply  before 
and  behind,  the  two  portions  making  an  angle 
of  about  110^;  anterior  end  and  ventral  maigin 
broadly  roimded;  posterior  end  narrowed  and 
obhquely  subtruncate;  surface  marked  only  by 
numerous  fine  concentric  growth  lines  until  the 
shell  has  attained  about  three-fourths  the  di- 
mensions of  a  fuU-grown  individual,  after  which 
strong  concentric  corrugations  are  developed  on 
the  ventral  part  of  the  shell  and  the  convexity 
becomes  relatively  greater. 

Height  16  millimeters; length  22  millimeters; 
convexity  of  the  two  valves  12  millimeters. 

The  species  is  related  to  Corbula  syhtrigonalis 
Meek  and  Hayden,  from  which  it  differs  in  its 
more  nearly  equilateral  form  and  other  details 
of  outline  and  in  the  much  stronger  corruga- 
tions at  the  later  stages  of  growth. 

Locahty  and  position:  The  type  came  from 
the  lower  part  of  the  Fruitland  formation  at 
Bauer's  locahty  25,  about  13  miles  south  of  San 
Juan  River  and  1  mile  east  of  Chaco  River, 
N.  Mex.  (locahty  9284).  The  collection  from 
this  place  contains  18  individuals  in  addition  to 
the  figured  type.  The  species  is  abundantly 
represented,  mostly  by  immature  individuals, 
half  a  mile  north  of  this  locahty,  and  it  was 
collected  at  several  other  locahties  ranging  from 
18  to  28  miles  south  of  San  Juan  River. 

Panopaea  sfmnlatriz  Whiteaves? 

Panopxa  nmulatrix  Whiteaves,  Contr.  Canadian  Paleon- 
tology, vol.  1,  p.  11,  pi.  2,  figs.  2,  2a,  1885. 

Several  casts  obtained  at  Bauer's  locahty  51, 
in  the  Fruitland  formation  120  feet  above  its 
base,  28  miles  south  of  San' Juan  River,  and  6 
miles  east  of  Chaco  River,  N.  Mex.  (locahty 
9290) ,  represent  either  this  species  or  one  closely 
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related  to  it.  Whiteaves's  species  occurs  in 
Canada  and  Montana  in  the  Judith  River  for- 
mation, and  a  closely  similar  if  not  identical 
form  is  found  near  the  top  of  the  Fox  Hills 
sandstone  in  South  Dakota. 

Teredina  neomexicana  Stanton,  n.  sp. 

Plate  LXXXII,  figures  7-10. 

cf.  Xylophomya  laramiensis  Whit&eldf  Am.  Mus.  Nat.  Hist. 
Bull.,  vol.  16,  pp.  73-76,  pis.  28,  29,  1902. 

Shell  small,  subgloboso,  broadly  gaping  in 
front  and  behind  and  with  the  posterior  ends 
of  the  valves  prolonged  into  a  tapering,  some- 
what tortuous  shelly  tube  several  times  the 
length  of  the  valves  themselves;  anterior  gape, 
which  is  formed  by  a  rectangular  notch  in  each 
valve,  closed  by  a  shield-shaped  plate  or  callus 
with  median  fmrow  or  suture;  posterior  end  of 
valve  broadly  subangular.  Surface  marked  by 
distinct  growth  lines  paraUel  to  the  margins,  by 
a  narrow  umbonal  furrow  corresponding  in  posi- 
tion to  an  internal  rib  or  thickening,  extending 
from  the  beak  to  the  ventral  margin,  and  by 
a  less  conspicuous  furrow  extending  from  the 
beak  to  the  lateral  angle  of  the  anterior  gape. 
One  of  the  types  shows  fragments  of  an  umbo- 
nal accessory  valve. 

Height  of  best-preserved  type,  12  millimeters; 
length  of  valve,  12  millimeters;  convexity  of 
united  valves,  12  millimeters. 

A  tube  associated  with  the  types  and  believed 
to  belong  to  the  same  species  indicates  dimen- 
sions nearly  twice  as  great. 

This  burrowing  shell  seems  to  be  referable  to 
the  genus  Teredina  Lamarck,  though  it  is  also 
certainly  congeneric  with  the  Lance  species  for 
which  Whitfield  proposed  the  new  name  Xylo- 
phomya. Through  the  courtesy  of  the  Ameri- 
can Museum  of  Natural  History  it  has  been 
possible  to  make  direct  comparisons  with  the 
type  specimens  of  Xylophomya  laramiensisj  on 
which  the  genus  was  based.  The  study  of  these 
specimens,  which  came  from  the  Lance  forma- 
tion near  AlkaU  Creek,*  eastern  Wyoming,  and 
of  large  collections,  apparently  belonging  to 
the  same  species,  from  the  ''Lower  Laramie" 
opposite  the  mouth  of  Medicine  Bow  River, 
Carbon  County,  Wyo.,  shows  that  they  have 

>  Mr.  Barnum  Brown,  who  collected  these  fossils,  states  In  a  persona] 
letter  that  the  locality  is  on  the  "east  side  of  Alkali  Creek,  3  miles  from 
the  month  and  not  more  than  50  feet  above  the  Fox  Hills  or  marine 
Cretaceous." 


all  the  generic  characters  of  Teredina  and  that 
they  diflfer  from  the  New  Mexico  shell  here 
described  only  in  their  larger  size  and  in  slight 
differences  in  the  outline  of  the  posterior  end 
of  the  valve.  Whitfield  described  the  hinge  of 
Xylophomya  as  having  '*four  minute  toothlike 
denticles  on  the  right  valve  anterior  to  the 
beaks,"  and  the  figure  as  well  as  the  fragment 
itself  suggests  taxodont  teeth  at  first  glance, 
but  a  closer  examination  shows  that  they  can 
not  be  hinge  teeth,  for  they  are  strictly  marginal 
and  connected  with  the  outer  surface,  and  the 
sheU  was  doubtless  edentulous  like  other  mem- 
bers of  its  family. 

Locality  and  position:  At  Bauer's  locality  22, 
near  the  base  of  the  Fruitland  formation,  12^ 
miles  south  of  San  Juan  River  and  1  mile  east 
of  Chaco  River,  N.  Mex.  (locality  9283),  asso- 
ciated with  Corbula  chacoensiSy  with  several 
species  of  Unio,  and  with  Tvlotoma  thompsoni 
and  other  fresh-water  gastropods. 

Neritina  baueri  Stanton,  n.  sp« 

Plate  LXXXIII,  figures  1-4. 

Shell  large,  subglobose,  consisting  of  about 
three  very  rapidly  increasing  volutions;  spire  so 
much  depressed  that  it  scarcely  projects  above 
the  general  curved  surface  of  the  shell;  aperture 
nearly  semicircular,  with  sharp  outer  lip  and 
broadly  flattened,  simple  inner  lip;  surface  pol- 
ished and  without  sculpture  except  numerous 
very  fine  growth  lines  but  on  well-preserved 
specimens  retaining  the  color  pattern,  which 
consists  of  numerous  irregular  dark-brown 
spots  and  bands,  some  of  which  tend  to  have 
a  spiral  arrangement,  while  others  run  in  zig- 
zag fashion  nearly  parallel  with  the  growth 
lines.  The  color  pattern  varies  in  different 
individuals. 

The  largest  specimen  collected,  which  is  fig- 
ured as  the  type,  measures  38  millimeters  in 
height  and  37  millimeters  in  greatest  breadth. 
The  smaller  figured  specimen  is  believed  to  be 
a  young  individual  of  the  same  species. 

This  species  is  much  larger  than  any  other 
American  Cretaceous  Neritina  that  has  been 
described,  and  it  is  also  distinct  in  form  and 
proportions. 

Localities  and  position:  The  type  was  ob- 
tained at  Bauer's  locality  21,  about  140  feet 
above  the  base  of  the  Fruitland  formation,  12 
miles  south  of  San  Juan  River  and  2  miles  east 
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of  Chaco  River  (locality  9281),  where  six  other 
specunens  were  collected.  The  other  figured 
specimen  came  from  about  the  same  horizon 
in  Amarillo  Canyon,  10  miles  south  of  Jewett, 
N.  Mex.  Gocality  9270),  and  others  were  col- 
lected in  the  same  neighborhood  Gocality  9271). 
One  lot  of  nine  small  specimens  referred  to  this 
species  was  found  near  the  base  of  the  Fruitland 
formation,  12^  miles  south  of  San  Juan  River, 
and  1  mile  east  of  the  Chaco  (locaUty  9283), 
and  one  imperfect  cast  200  feet  above  the  base 
of  the  Fruitland  formation,  17  miles  south  of 
the  San  Juan  GocaUty  9285). 

Neritina  (VelateUa)  sp. 

A  single  small,  imperfect  specimen  belonging 
to  Meek's  subgenus  Velatella  was  collected  in 
the  Fruitland  formation,  120  feet  above  the 
base,  at  Bauer's  locality  36,  18  miles  south  of 
San  Juan  River  and  3  miles  east  of  Chaco 
River,  N.  Mex.  (locaUty  9286).  In  size  and 
form  it  does  not  differ  greatly  from  Neritina 
( Velatella)  haptista  White,  which  was  originally 
described  from  specimens  obtained  in  the  lower 
part  of  the  coal-bearing  formation  at  Black 
Buttes  station,  Wyo.,  and  which  has  also  been 
found  in  the  Laramie  of  northeastern  Colorado. 

Campeloma  amariUeiiflte  Stanton,  n.  sp. 

Plate  LXXXIII,  figures  5  and  6. 

Shell  small,  rather  slender,  consisting  of  about 

6  moderately  convex  whorls  that  are  slightly 
compressed  above;  suture  distinctly  impressed; 
surface  nearly  smooth  but  showing  when  mag- 
nified fine^  slightly  sinuous  growth  lines  and, 
especially  on  the  upper  part  of  the  last  whorl, 
fine  raised  revolving  lines;  aperture  ovate,  with 
length  a  Uttle  less  than  half  the  height  of  shell. 

Height  of  larger  figured  type,  22  millimeters; 
greatest  breadth,  13  millimeters;  height  of 
aperture,  10  millimeters;  breadth  of  aperture, 

7  millimeters.    Apical  angle  about  40^. 

In  size,  general  form,  and  other  external 
features  this  species  is  intermediate  between 
Campeloma  vetvla  Meek  and  Hayden,  from  the 
Judith  River  formation,  and  C.  produda  White, 
from  the  Fort  Union. 

Locality  and  position:  The  types  came  from 
Bauer's  locaUty  14,  in  Amarillo  Canyon,  10 
miles  south  of  Jewett,  N.  Mex.  (locality  9270), 
in  the  Fruitland  formation,  115  to  140  feet 
above  its  base.  The  species  was  collected  at 
several  other  localities,  ranging  from  12  to  25 


miles  south  of  San  Juan  River  and  from  50 
to  300  feet  above  the  base  of  the  Fruitland 
formation. 

Tnlotoma  thompfloni  White. 

Plate  LXXXIII,  figures  9-11. 

Tuloioma  thompsoni  White,  in  Powell,  Geology  of  the 
eastern  portion  of  the  Uinta  Mountains,  p.  134, 
U.  S.  Geol.  and  Geog.  Survey  Terr.,  2d  div.,  1876; 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Twelfth  Ann. 
Kept.,  pt.  1,  p.  100,  pi.  28,  figs.  2a-h,  1880;  U.  S. 
Geol.  Survey  Third  Ann.  Rept.,  p.  467,  pi.  24,  figs. 
17-22,  1883. 

This  well-characterized  and  easily  recognized 
species  was  first  found  at  Black  Buttes  station, 
Wyo.,  in  the  lower  part  of  the  Black  Buttes 
coal  group,  which,  in  my  opinion,  should  be 
correlated  with  the  "Lower  Laramie"  of  Car- 
bon County,  Wyo.,  and  with  the  Lance  for- 
mation. The  species  has  a  wide  distribution 
in  the  Lance  formation  in  Wyoming  and  Mon- 
tana and  is  abundant  in  the  Laramie  on  Crow 
Creek,  Colo.,  where  a  number  of  the  specimens 
figured  by  White  were  obtained.  It  has  also 
been  found  abundantly  and  typically  devel- 
oped in  the  Mesaverde  formation  of  north* 
western  Colorado,  especially  in  the  upper  part 
of  the  formation  near  Axial,  Colo. 

Locality  and  position:  The  specimens  figured 
came  from  Bauer's  locality  14,  in  Amarillo 
Canyon,  10  miles  north  of  Jewett,  N.  Mex. 
flocality  9270),  in  the  Fruitland  formation  115 
to  140  feet  above  its  base.  The  species  ranges 
through  the  entire  thickness  of  the  Fruitland 
and  has  been  collected  at  many  localities. 

Melania  inacnlpta  Meek? 

Melania  insculpta  Meek,  U.  S.  Geol.  Survey  Terr.  Sixth 

Ann.  Rept.,  for  1872,  p.  515,  1873. 
A\Tiite,  U.  S.  Geol.  and  Geog.  Survey  Terr.  Twelfth  Ann. 

Rept.,  pt.  1,  p.  94,  pi.  20,  fig.  4a,  1880;  U.  S. 

Geol.  Survey  Third  Ann.  Rept.,  p.  54,  pi.  26,  figs. 

4,  5,  1883. 

Two  collections  obtained  near  the  base  of 
the  Fruitland  formation  at  Bauer's  localities 
22  and  2b,  12}  and  13  miles  south  of  San  Juan 
River,  N.  Mex.  (localities  9283  and  9284),  and 
one  collection  obtained  near  the  middle  of  the 
same  formation  at  Bauer's  locaUty  51, 15  miles 
farther  south  Gocality  9290),  contain  imperfect 
specimens  of  a  Melania  which  in  form  and 
sculpture  seems  to  agree  very  well  with  M. 
insculpta  Meek.  The  specimen  from  which 
this  species  was  first  described  was  found  in 
rocks  now  referred  to  the  Mesaverde  formation 
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near  Rock  Springs,  Wyo.,  and  it  also  oocnrs  in 
the  Laramie  of  northeastern  Colorado. 

GonSobuie?  sabtortnosa  (Meek  and  Hayden)  Metk. 

Plate  LXXXIII,  figuies  7  and  8. 

lieUmia  mihtoriuosa  Meek  and  Hayden,  Acad.  Nat.  Sci. 

Philadelphia  Proc.,  vol.  9,  p.  136,  1857. 
G<miobaaiaf  mibtortuosa  Meek,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  9,  p.  569,  pi.  42,  figs.  17a,  b,  text  figs.  75, 
76,  1876. 
White,  U.  S.  Geol.  Survey  Third  Ann.  Kept.,  p.  67, 

pi.  27,  fig.  34, 1883. 
Whiteaves,  Contr.  Oanadian  Paleontology,  vol.  1,  p. 
74,  pi.  10,  fig.  7, 1885. 

Meek's  description  based  on  specimens  from 
the  Judith  River  formation  near  the  mouth  of 
Judith  River,  Mont.,  is  as  follows: 

Shell  conoid-6crew-«haped,  thin;  spire  rather  low;  vo- 
lutionfl  about  five,  very  convex,  and  strongly  carinate 
around  the  middle,  increasing  rather  rapidly  in  size  from 
the  apex;  suture  deep  in  consequence  of  the  prominence  of 
the  angular  whorls;  surfiice  with  moderately  distinct  lines 
of  growth;  aperture  rhombic-suboval,  about  as  long  as 
wide.  Length  0.39  inch;  breadth  0.21  inch;  slopes  of  spire 
nearly  straight,  with  a  divergence  of  47^.  Some  crushed 
specimens  show  that  it  attained  nearly  twice  the  linear 
dimensions  of  that  from  which  the  above  measurements 
were  taken. 

Better  material  than  Meek  had,  from  both 
Montana  and  Alberta,  shows  that  adult  shells 
consist  of  six  or  seven  whorls  and  that  they 
vary  considerably  in  proportions.  A  few  speci- 
mens which  retain  part  of  the  surface  of  the 
shell  when  magnified  show  very  faint  revolv- 
ing lines  on  the  last  whorl,  especially  above  the 
carina,  and  agree  in  this  feature,  as  well  as  in 
form,  with  the  well-preserved  specimens  from 
New  Mexico  that  are  referred  to  the  species. 

The  larger  specimen  figured  measures  20  mil- 
limeters in  height  and  12  millimeters  in  breadth. 

LocaUty  and  position:  At  Bauer's  localities 
14,  15,  and  17,  in  Amarillo  Canyon,  10  miles 
south  of  Jewett,  N.  Mex.  (localities  9269, 
9270,  9271),  115  to  140  feet  above  the  base  of 
the  Fruitland  formation.  It  is  noteworthy 
that  the  species  has  not  been  recorded  from 
any  locality  between  Montana  and  New  Mexico. 

Phyaa  reesidei  Stanton,  n.  sp. 

Plate  LXXXIII,  figures  12  and  13. 

Shell  large,  stout,  with  very  small  depressexi 
spire;  surface  sculpture  not  preserved. 


Height  44  millimeters;  greatest  breadth 
about  32  millimeters;  height  of  apertiure  al- 
most equal  to  length  of  shell,  and  breadth 
about  half  the  breadth  of  the  shell. 

This  species  seems  to  be  sufficiently  distinct 
to  justify  its  description,  even  from  the  im- 
perfect material  at  hand — eight  more  or  less 
distorted  casts,  of  which  the  best-preserved  one 
is  selected  as  type.  Its  nearest  relative  among 
American  fossil  forms  appears  to  be  Physa 
fdix  White,  from  the  Laramie  of  Crow  Creek, 
Colo. 

Locality  and  position :  About  200  feet  above 

the  base  of  the  Fruitland  formation  at  Bauer's 

locality  27,  17  miles  south  of  San  Juan  River 

and  4  miles  east  of  Chaco  River,  N.  Mex.  flo- 

cality  9285) 

Physa  sp. 

Another  species  of  Physa,  smaller  and  much 
more  slender  than  P,  reesidei,  is  represented 
by  two  fragmentary  specimens  from  Bauer's 
locality  22,  near  the  base  of  the  Fruitland  for- 
mation, 12}  miles  south  of  San  Juan  River  and 
1  mile  east  of  Chaco  River,  N.  Mex.  (locality 
9283). 

Planorbls  (Bathyomphalna)  chaeoenaifl  Stanton,  n.  sp. 

Plate  LXXXIII,  figures  14-16. 

Shell  small,  consisting  of  about  five  very 
gradually  increasing  whorls;  spire  flat;  whorls 
slightly  rounded  above,  carinate  on  the  pe- 
riphery, broadly  roimded  from  the  carina  to 
the  margin  of  the  umbilicus,  which  is  nearly 
as  broad  as  the  last  whorl;  surface  marked  by 
relatively  coarse  lines  of  growth. 

Greatest  diameter  7  millimeters;  height  3 
millimeters;  breadth  of  last  whorl  2  millimeters. 

This  little  species  is  evidently  congeneric 
with  Planorbia  (Bathyomphahia)  Jcandbensis 
White,  from  the  so-called  Laramie  of  the 
Kanab  Valley,  Utah.  It  appears  to  differ 
from  White's  species  in  its  somewhat  more 
rapidly  increasing  whorls  and  its  more  dis- 
tinctly carinate  periphery. 

Locality  and  position:  At  Bauer's  locality 
22,  near  the  base  of  the  Fruitland  formation, 
12}  miles  south  of  San  Juan  River  and  1  mile 
east  of  Chaco  River,  N.  Mex.  (locality  9283). 
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PLATE  LXXIX. 
Ostrea  glabra  Meek  and  Hayden  Tar.  (p.  311). 


Figures  1,  2.  Upper  valves. 
3.  Lower  valve. 

U.  S.  N.  M.,  catalogue  No.  32026. 


Anomia  gnrpheifonnia  Stanton  (p.  311). 

Figures  4,  5.  Side  and  profile  views  of  typical  form. 

6.  Side  view  of  broader,  less  convex  specimen. 
TJ.  S.  N.  M.,  catalogue  No.  32027. 

Anomia  gryphorhsmchna  Mode  (p.  311). 

Figures  7,  8.  Side  views  of  two  specimens  varying  in  outline  and  convexity. 

TJ.  S.  N.  M.,  catalogue  No.  32028. 

Modiola  Uticosteta  (White)  (p.  311). 

FiouBBS  9, 10.  Left  valves  of  two  specimens  varying  in  form  and  sculpture. 

U.  S.  N.  M.,  catalogue  No.  32029. 
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PLATE  LXXX. 

Unio  holmesUmufl  White  (p.  312). 

Figures  1,  2.  Type  spedmenB  from  Black  Buttes,  Wyo.,  figured  by  White. 

U.  S.  N.  M.,  catalogue  No.  9041. 
3,  4.  Specimens  from  T.  35  N.,  R.  7  W.,  Ignado  quadrangle,  Colo. 
U.  S.  N.  M.,  catalogue  No.  32030. 
5.  Fragmentary  specimen,  showing  beak  sculpture,  from  Amarillo  Canyon,  N.  Mex. 
U.  S.  N.  M.,  catalogue  No.  32031. 
6,  7.  Inmiature  specimens,  showing  details  of  beak  sculpture,  from  T.  35  N.,  R.  8  W.,  Ignado  quadrangle, 
Colo.    Figure  6  is  enlarged  2  diameters. 
U.  S.  N.  M.,  catalogue  No.  32032. 

Unio  amarillensifl  Stanton  (p.  313). 

Ftoures  8,  9.  Side  and  profile  views  of  type. 

U.  S.  N.  M.,  catalogue  No.  32033. 

Unio  gardneri  Stanton  (p.  314). 

Figure  10.  Left  valve. 

11.  Right  valve.    Both  from  Ignado  quadrangle,  Colo. 
U.  S.  N.  M.,  catalogue  No.  32034. 

Unio  pyramidatoldes  Whitfield?  (p.  313). 

Figure  12.  Small  right  valve. 

13.  Larger  right  valve  with  surface  partly  exfoliated. 
U.  S.  N.  M.,  catalogue  No.  32035. 
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PLATE  LXXXI. 

Unio  reesidei  Stanton  (p.  314). 

Figure  1.  Type  specimen. 

U.  S.  N.  M.,  catalogue  No.  32036. 

Unto  brachyopisthus  White  (p.  314). 

FioiTRE  2.  Left  valve  of  an  elongate  specimen  from  Amarillo  Canyon,  N.  Mex. 
U.  S.  N.  M.,  catalogue  No!  32037. 
3.  Right  valve  of  typical  form  from  Yellow  Jacket  Creek,  Colo. 
U.  S.  N.  M.,  catalogue  No.  32038. 

Unio  neomedcanns  Stanton  (p.  315). 

FioxTRB  4.  Left  valve,  sKghtly  distorted  by  crushing. 
5.  Smaller  left  valve. 

U.  S.  N.  M.,  catalogue  No.  32039. 

Unto  baneri  Stanton  (p.  315). 

Figure  6.  Type  specimen,  left  valve. 

U.  S.  N.  M.,  catalogue  No.  32040. 

Unto  brimlialleiiais  Stanton  (p.  315). 

Figure  7.  An  imperfect  right  valve.    Outline  restored  from  specimen  represented  by  PI.  LXXXI  1,  fig.  1, 
U.  S.  N.  M.,  catalogue  No.  32041. 
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PLATE  LXXXII. 

Unio  brimhalleiuus  Stanton  (p.  316). 

FiouBE  1.  An  exfoliated  left  valve. 

TJ.  S.  N.  M.,  catalo^e  No.  32041. 

Unio  sp.  cf.  U.  prinuDvus  White  (p.  315). 

Figure  2.  Imperfect  left  valve,  distorted  by  cnuhing. 
U.  S.  N.  M.,  catalpg:ue  No.  32042. 
3.  Fragment  showing  umbonal  portion  of  right  valve. 
U.  S.  N.  M.,  catalogue  No.  32043. 

Corbicola  cytherifonnls  Mode  and  Hayden  (p.  316). 

Figure  4.  Small  left  valve. 

U.  S.  N.  M.,  catalogue  No.  32044. 


Corbttla  chacoensis  Stanton  (p.  316). 

Figures  5,  6.  Left  side  and  profile  views  of  type. 

U.  S.  N.  M.,  catalogue  No.  32045. 

Teredina  neomexicana  Stanton  (p.  317). 

Figure  7.  Left  side  of  specimen  retaining  part  of  tube. 

8,  9.  Right  side  and  front  views  of  another  specimen,  X  2. 
lOy  11.  GastB  of  tubes  believed  to  beloDg  to  this  species.    U.  S.  N.  M.,  catalogue  No.  32046. 
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PLATE  LXXXIII. 

Neritina  braeri  Stanton  (p.  317). 


Figures  1,  2.  Fnmt  and  back  views  of  type. 

TJ.  S.  N.  M.,  catalogue  No.  32047. 
3,  4.  Front  and  back  views  of  smaller  fipecunen. 
U.  S.  N.  M.,  catalogue  No.  32048. 


Campeloma  amarfllensis  Stanton  (p.  318). 


Figure  5.  F^ont  view  of  large  tyj^e. 

6.  Back  view  of  smaller  specimen. 
U.  S.  N.  M.,  catalogue  No.  32049. 


Goniobaaia?  anbtortnoaa  (Medc  and  Hayden)  Qk  319). 


Figure  7.  Front  view  of  large  specimen. 
8.  Back  view  of  smaller  specimen. 

U.  S.  N.  M.,  catalogue  No.  32050. 


Tnlotonia  thompaoni  White  (p.  318). 


Figures  9, 10.  Back  views  of  two  specimens. 

11.  Front  view  of  another  specimen. 

U.  S.  N.  M.,  catalogue  No.  32051. 


Phyaa  reealdd  Stanton  (p.  319). 


Figures  12, 13.  Back  and  front  views  of  slightly  distorted  cast. 

U.  S.  N.  M.,  catalogue  No.  32052. 


Planorbia  (Bathyomphalna)  chacoensis  Stanton  (p.  319)« 


Figures  14-16.  Top,  bottom,  and  front  views  of  the  type,  X  2. 

U.  S.  N.  M.,  catalogue  No.  32053. 
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4.  FLORA  OF  THE  FRUITLAND  AND  KIRTLAND  FORMATIONS. 


By  F.  H.  Knowlton. 


mSTORICAL  SUMMARY. 

San  Juan  County,  in  the  extreme  northwest 
comer  of  New  Mexico,  comprises  but  a  small 
portion  of  the  larger  more  or  less  clearly  defined 
structural  area  known  as  the  San  Juan  Basin. 
Certain  structural  elements,  particularly  the 
upper  series  of  coal-bearing  rocks,  form  a  more 
or  less  continuous  rim  aroimd  this  basin  and 
dip  toward  the  center,  where,  however,  they 
are  deeply  buried. 

As  the  object  of  the  present  study  is  to  as- 
certain the  bearing  of  the  fossil  plants  on  the 
age  of  this  series  of  coal-bearing  and  related 
rocks,  it  is  desirable  to  give  first  a  brief  histor- 
ical setting  for  the  geologic  facts  here  set  forth. 
It  is  not  necessary  in  this  connection,  however, 
to  go  further  back  than  the  beginning  of  the 
time  embraced  within  the  history  of  the  so- 
called  *' Laramie  problem" — that  is,  to  about 
1875. 

The  San  Juan  district  was  studied  by  W.  H. 
Holmes,*  of  the  Hayden  Survey,  during  the 
field  season  of  1875.  The  results  of  his  studies 
of  the  rocks  in  the  valley  of  San  Juan  River  are 
displayed  in  a  generalized  section  in  Plate 
XXXV  of  his  report.  The  uppermost  member 
of  this  section  is  referred  to  the  Wasatch  and  is 
divided  into  two  parts,  the  lower  of  which  is  the 
Puerco  marls  of  Cope,  now  included  in  the 
Puerco  and  Torrejon  formations.  Immediately 
below  the  Puerco  mark  is  the  so-called  *'  Upper 
coal  group,"  made  up  of  800  feet  of  soft  sand- 
stones and  marls,  which  is  caUed  Laramie?. 
This  in  turn  rests  on  massive  sandstone  120  feet 
thick,  called  the  Pictured  CUflfs  group,  and  on 
the  evidence  of  invertebrates  was  referred  to 
the  Fox  Hills  imit. 

Except  for  the  preparation  of  a  number  of 
economic  reports  on  the  coal  of  this  region, 
little  systematic  geologic  work  was  done  in  the 
region  imtil  1899,  when  Cross  *  established  the 

1  Holmes,  W.  H.,  0«ologicaI  report  on  the  San  Juan  district:  U.  8. 
Oeol.  and  Geog.  Surveys  Terr.  Ninth  Ann.  Rept.,  for  1875,  p.  241, 1877. 

>  Cross,  Wliitman,  U.  S.  Oeol.  Survey  Oeol.  Atlas,  La  Plata  folio  (No. 
80),  1890. 


units  of  the  Upper  Cretaceous  section,  which 
subsequently  have  been  so  widely  identified  in 
Colorado,  Wyoming,  and  Montana.  These 
units,  in  ascending  order,  are  the  Mancos  shale, 
Mesaverde  formation,  and  Lewis  shale.  Con- 
cerning the  Lewis  shale  Cross  wrote  as  follows: 

Above  the  Mesaverde  formation  occurs  another  formation 
of  clay  shale,  reaching  an  observed  thickness  of  nearly 
2,000  feet,  which  is  very  much  like  the  Mancos  shale  but 
contains  fewer  fossils.  The  only  identifiable  form  thus  far 
found  in  this  shale  occurs  also  in  the  Mancos  shale,  so  that 
this  division  is  still  apparently  below  true  Fox  Hills.  This 
formation  is  called  the  Lewis  shale. 

Continuing,  Cross  says: 

Still  above  the  Lewis  shale  is  a  second  series  of  sand- 
stones, shales,  and  clays,  bearing  some  resemblance  to  the 
Mesaverde  formation  but  differing  in  detail.  The  lowest 
member  of  this  complex  is  the  '^  Fictured  Clifif  sandstone  *' 
of  Holmes's  San  Juan  section,  which  he  placed  in  the  Fox 
Hills  upon  the  evidence  of  invertebrate  remains.  The 
remainder  was  referred  to  the  Laramie,  but  without  fossil 
evidence.  The  present  survey  has  billed  to  bring  to  light 
valid  ground  for  assigning  any  of  the  beds  in  question  to 
the  Laramie,  while  there  is  some  reason  to  believe  that 
more  than  the  lower  sandstone  belongs  to  the  Montana 
group. 

In  1905  Schrader'  made  a  reconnaissance 
examination  of  the  Durango-GaUup  coal  field 
in  which  he  adopted  the  stratigraphic  classifi^ 
cation  established  by  Cross  and  described  the 
uppermost  coal-bearing  sandstone  as  Laramie  ?, 
though  he  presented  no  fossil  evidence. 

In  1906  more  detailed  examinations  were 
made  in  the  region  by  Taflf  and  Shaler.  Tafif  * 
studied  the  Durango  coal  district,  which  lies 
just  off  the  southern  foothills  of  the  San  Juan 
and  La  Plata  moimtains,  and  in  his  report  the 
upper  coal-bearing  rocks  here  under  considera- 
tion were  referred  without  question  to  the  Lara- 
mie, though  he  gave  no  details  as  to  the  reason 
for  this  reference.  Shaler's  report  *  deals  with 
that  part  of  the  Durango-GaUup  field  lying 

*  Schnder,  F.  C,  The  Durango-Oallap  ooal  field  of  Colorado  and  New 
Mexico:  U.  S.  Oeol.  Survey  Bull.  285,  pp.  241-358, 1900. 

« Tafl,  J.  A.,  The  Durango  coal  district,  Colo.:  U.  S.  Geol.  Survey  BuIL 
316,  pp.  321-337, 1907. 

•  Shaler,  M.  K.,  A  reconnaissance  survey  of  the  western  part  of  the 
Durango-Oallup  coal  field  of  Colorado:  Idem,  pp.  376-^26. 
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west  of  longitude  107"*  30'.  The  beds  here  dis- 
cussed were  ako  referred  by  Shaler  to  the  Lara- 
mie without  qualification,  on  the  basis,  it  is 
stated,  of  fossils  studied  by  T.  W.  Stanton  and 
F,  H.  Knowlton,  though  the  evidence  is  not 
presented  in  detail.  On  looking  over  the  origi- 
nal reports  on  the  plants  collected  by  Shaler  and 
others  in  this  region,  I  find  that  they  were  few 
and  fragmentary  collections  only,  and  the  ten- 
dency was  to  regard  them  as  mainly  older  than 
Laramie. 

The  status  of  the  *' Laramie"  in  the  region 
under  consideration  was  so  well  summed  up 
by  Lee  ^  in  1912  that  his  statement  is  quoted 
entire  as  foDows: 

The  ''Laramie"  formation  occurs  within  the  area 
described  in  this  paper  only  in  the  San  Juan  Basin.  It 
is  more  than  1,000  feet  thick  in  the  southern  zim  of  the 
basiii  but  is  thinner  in  the  eastern  rim,  probably  due  to 
post-Cretaceous  erosion.  At  Dulce  it  is  only  225  feet 
thick.  The  formation  lies  conformably  on  Lewis  shale 
and  probably  for  this  reason  more  than  any  other  has  been 
called  Laramie,  although  Dr.  Cross  several  years  ago  called 
attention  to  the  fact  that  investigation  had  ' '  failed  to  bring 
to  light  valid  ground  for  assigning  any  of  the  beds  in  ques- 
tion to  the  Laramie,  while  there  is  some  reason  to  believe 
that  more  than  the  lower  sandstone  belongs  to  the  Mon- 
tana group."  Since  that  time  a  considerable  number  of 
fossils,  both  of  invertebrates  and  of  plants,  have  been 
collected  from  these  beds  in  the  Durango  region.  The 
base  of  the  formation — ^the  Pictured  Cliff  sandstone--con- 
tains  marine  invertebrates,  and  the  lower  part  of  the 
coal-bearing  rocks  above  this  sandstone  contains  brackish- 
water  invertebrates,  several  of  which  occur  in  the  Mesa- 
verde  of  other  fields.  But  higher  in  the  formation  the 
rocks  contain  fresh- water  invertebrates  which  Dr.  Stanton 
regards  as  Laramie  and  fossil  plants  which  Dr.  Knowlton 
regards  as  older  than  Laramie.  The  fossil  plants  have 
been  given  in  the  table  *  *  *  and  from  this  table 
as  well  as  from  the  accompanying  statement  by  Dr.  Knowl- 
ton [see  below]  it  will  be  seen  that  the  flora  differs  but 
little  from  that  of  the  Mesaverde  farther  to  the  south. 
The  name  "Laramie"  is  here  used  for  this  formation  not 
because  the  writer  wishes  to  argue  for  the  Laramie  age 
of  the  rocks,  but  because  the  name  is  in  use  and  because 
in  this  paper  the  writer  is  intentionally  avoiding  the 
introduction  of  new  names  for  rock  formations.  It  must 
be  noted,  however,  that  while  the  formation  is  called 
"  I^Aramie  "  it  contains  a  flora  which  denotes  Montana  age, 
having  nothing  in  common  with  the  Laramie  flora  of  the 
Denver  Basin. 

The  statement  by  me  to  which  Lee  alludes 
is  as  follows: 

Near  Dulce,  N.  Mex.,  and  near  Durango,  Colo.,  there 
have  been  obtained  two  collections  of  plants  from  above 
the  Lewis  shale  in  coal-bearing  rocks  that  have  been 
referred  to  the  so-called  * '  I^aramie  '*  of  this  region.  These 
collections  are  very  full  and  embrace  a  number  of  easily 

'  Lee,  W.  T.,  Stratigrapby  of  the  coal  fields  of  northern  New  Mexico: 
0«ol.  Soc.  America  Ball.,  vol.  23,  pp.  807-608, 1912. 


recognized  species;  hence  their  identification  is  satis- 
factory and  complete.  These  collections  prove  clearly 
that  these  beds  do  not  belong  to  the  Laramie,  since,  so 
far  as  known  to  the  writer,  not  a  single  species  there  present 
has  been  found  in  beds  of  this  age.  On  the  other  hand ,  the 
plants  indicate  beyond  question  that  they  belong  to  the 
Montana,  there  being,  for  instance,  Ficus  spedosiuima, 
Ficus  sp.  (narrow,  three-nerved  type),  Ficus  sp.,  type  of 
F.  lanceolata,  a  palm,  etc.,  which  link  them  with  the 
Mesaverde  floras  to  the  south  and  the  beds  already  dis- 
cussed in  the  Raton  Mesa  region.  Associated  with  these, 
however,  and  tending  to  give  them  a  slightly  higher  posi- 
tion, though  still  within  the  Montana,  are  such  forms  as 
Brachyophyllum,  Cunninghamites,  Geinitzia,  Sequoia, 
etc.,  all  of  which  are  beyond  doubt  Montana  types  not 
found  in  the  Laramie. 

A  number  of  collections  were  made  by  J.  H.  Gardner 
in  the  Ignacio  quadrangle,  east  of  Durango,  Colo.,  from 
beds  regarded  as  the  Laramie  of  that  area.  The  plants 
in  these  collections,  almost  species  by  species,  are  iden- 
tical with  the  forms  from  near  Dulce  and  near  Durango, 
and  I  have  no  hesitation  in  saying  that  they  occupy  the 
same  stratigraphic  position  and  are  of  the  same  age,  viz, 
Montana. 

It  now  remains  to  consider  certain  dinosaur- 
bearing  beds  first  reported  near  Ojo  Alamo, 
N.  Mex.,  which  may  have  a  bearing  on  the 
"Laramie"  of  the  San  Juan  Basin  region. 
In  1908  James  H.  Gardner,  then  of  the  United 
States  Geological  Survey,  foimd  reptilian 
vertebrate  remains  near  the  head  of  Coal 
Creek,  1  mile  southeast  of  Ojo  Alamo,  *'in 
variegated  sands,  shales,  and  conglomerates, 
indisputably  above  the  imconformity  at  the 
top  of  the  Laramie.'  These  remains  were 
studied  by  C.  W.  Gilmore,  who  states  that  this 
fauna  *' appears  to  represent  a  typical  fauna 
of  the  so-called  Laramie  or  better  Ceratops 
beds." 

It  appears  that  dinosaur  remains  had  been 
known  at  the  Ojo  Alamo  locality  as  early  as  1902, 
but  it  was  not  until  1904  that  a  systematic 
attempt  was  made  to  collect  them.  In  this 
year  Bamiun  Brown,  of  the  American  Museum 
of  Natural  History,  made  a  reconnaissance 
trip  to  the  locality  and  obtained  ''a  small 
but  interesting  collection  of  fossils."  These, 
however,  were  not  described  in  print  until 
1910.'  Concerning  the  stratigraphic  relations 
of  these  beds  Brown  says : 

Less  than  a  mile  south  of  the  store  at  Ojo  Alamo  the 
Puerco  formation  rests  unconformably  on  a  conglomerate 

1  Qardner,  J.  H.,  in  Knowlton,  F.  H.,  The  stratigraphic  relations  and 
paleontology  of  the  "Hell  Creek  beds,*'  "Cerate^  beds,*'  and  equiva- 
lents, and  their  reference  to  the  Fort  Union  formation:  Washington 
Acad.  Sci.  Proc.,  vol.  11,  p.  323, 1909. 

*  Brown,  Bamum,  The  Cretaceous  OJo  Alamo  beds  of  New  llezioo» 
with  description  of  the  dinosaur  genus  Kritosaurus:  Am.  Mas.  Nat. 
Hist.  Bull.,  vol.  28,  pp.  267-274, 1910. 
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that  Ib  compoeed  of  red,  gnty,  yellow,  and  white  pebbles. 
The  position  of  these  beds  is  below  what  may  be  called 
the  type  of  the  Puerco  or  basal  Eocene.  ♦  ♦  ♦  Below 
the  conglomerate  there  is  a  series  of  shales  and  sandstones, 
evenly  stratified  and  usually  horizontal,  in  which  there 
is  much  less  cross-bedding  than  commonly  occurs  in  the 
Laramie  of  the  northern  United  States. 

The  shales  below  the  conglomerates  that  contain  numer- 
ous dinosaur  and  turtle  remains  I  shall  designate  as  the 
Ojo  Alamo  beds.  They  are  estimated  to  be  about  200 
feet  thick,  but  owing  to  lack  of  time  I  was  unable  to  deter- 
mine their  relations  to  the  imderlying  formations. 

Ako  in  1910  appeared  a  paper  by  Gardner  ' 
that  involved  incidentally  the  beds  under  dis- 
cussion. He  records  the  Puerco  as  resting 
unconformably  on  the  underlying  beds,  as 
Brown  had  reported,  and  he  states  that  at 
Ojo  Alamo  he  "obtained  dinosaurs  from  beds 
unconformably  above  the  '  Laramie '  and  below 
the  Wasatch."  These  beds  are,  of  course,  the 
Ojo  Alamo  beds  of  Brown. 

From  the  preceding  brief  statements  it 
appears  that  for  more  than  40  years  the  upper 
coal-bearing  rocks  of  the  San  Juan  Basin  have 
been  regarded  more  or  less  definitely  as  of 
Laramie  age,  though  during  quite  half  of  this 
time  there  has  been  growing  an  undercurrent  of 
opinion  that  the  beds  may  be  older  than  the 
Laramie.  The  object  of  the  present  study  is 
to  ascertain  the  bearing  of  the  fossil  plants  on 
this  question,  and  it  may  be  stated  here  that 
the  plants  appear  fully  to  sustain  the  opinion 
that  the  beds  are  older  than  the  Laramie. 

The  fossil  plants  upon  which  the  present 
report  is  based  were  obtained  by  C.  M.  Bauer 
during  his  geologic  studies  of  the  season  of 
1915  in  that  portion  of  the  San  Juan  Basin 
embraced  within  San  Juan  County,  N,  Mex. 
The  stratigraphic  results  of  his  investigations 
are  set  forth  at  length  in  the  paper  by  Bauer,^ 
and  in  the  present  coimection  it  is  necessary 
only  to  give  them  in  brief  outline.  In  that 
portion  of  the  coal-bearing  and  associated 
rocks  previously  referred  to  as  the  "Laramie'' 
of  that  region  Bauer  has  recognized  two  htho- 
logic  units.  The  lower  of  these  units,  called 
the  Fruitland  formation,  is  about  300  feet  thick 
and  includes  the  coal-bearing  beds.  Above  it 
is  a  series  of  shales,  called  the  Kirtland  shale, 
with  an  intercalated  sandstone,  the  Farmington 
sandstone  member,  and  the  whole  formation 
has  a  maximiun  thickness  of  nearly  1,200  feet. 

1  Oardner,  J.  H.,  The  Pueroo  and  Torrejon  fonnations  of  the  Nacl- 
mlento  group:  Jour.  Geology,  vol.  18,  pp.  708-741, 1910. 
« U.  8,  Oeol.  Survey  Prof.  Paper 98,  pp.  274-275  (Prof.  Paper  98- P). 


Above  the  Eartland  shale,  without  observed 
stratigraphic  break,  is  the  Ojo  Alamo  sandstone, 
which  Bauer  thinks  should  be  grouped  with  the 
underlying  Kirtland  and  Fruitland  formations. 
A  graphic  presentation  of  the  older  and 
newer  views  is  given  below: 


Older  interpretation . 


Ojo  Alamo. 
Unconformity- 


Newer  interpretation. 


(I 


Laramie. " 


Ojo  Alamo  sandstone. 
Conformity 


Pictured  Cliffs. 


Fruitland  formation. 


Pictured  Cliffs  sandstone. 


THE  FLORA. 

The  material  on  which  the  present  report  is 
based  comprises  20  collections,  of  which  15  are 
from  the  Fruitland  formation,  3  from  the 
Kirtland  shale  (2  from  the  extreme  top  and  1 
from  the  base  of  the  formation),  and  only  1 
from  the  Ojo  Alamo  sandstone.  The  bulk  of 
the  material  comes  from  the  lower  or  coal- 
bearing  portion  of  the  section,  and  much  of 
this  is  preserved  on  a  red  baked  shale,  indi- 
cating proximity  to  coal. 

The  material  in  the  single  collection  from  the 
Ojo  Alamo  beds  is  so  fragmentary  that  it  can 
not  be  identified  witn  satisfaction.  It  includes 
portions  of  a  large  leaf  of  unknown  aflSnity,  a 
small  wiUow-hke  leaf,  and  a  large  leaf  that 
appears  to  be  an  AraUa  of  the  type  of  Aralia 
notaia  Lesquereux,  a  species  very  abundant 
and  widely  distributed  in  the  Fort  Union  for- 
mation. Nothing  like  this  has  been  noted  in 
the  underlying  beds,  and  to  a  certain  extent 
it  argues  for  the  Tertiary  age  of  the  Ojo  Alamo 
beds,  though  obviously  the  evidence  is  not 
strong.  For  the  present,  therefore,  the  dictum 
based  on  the  evidence  of  the  fossil  vertebrates 
that  these  beds  can  not  be  separated  from  the 
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underlying  beds  must  be  accepted,  though  the 
writer  can  not  escape  the  impression  that  they 
may  ultimately  be  shown  to  be  of  Tertiary  age. 
Below  is  a  complete  list  of  the  forms  repre- 
sented in  the  collections  from  the  Fruitland 
and  Kirtland  formations. 

Asplenium  neomexicanum  Knowlton,  n.  sp. 

Onoclea  neomexicana  Knowltoo,  n.  sp. 

Anemia  hespeiia  Knowlton,  n.  sp. 

Anemia  sp. 

Sequoia  reichenbachi  (Geinitz)  Heer. 

Sequoia  obovata?  Knowlton. 

Geinitzia  fonnosa  Heer. 

Sabal  montana  Knowlton. 

Sabal?  sp. 

Myrica  torreyi  Leequereux. 

Myrica?  neomexicana  Knowlton,  n.  sp. 

SiUix  baueri  Knowlton,  n.  sp. 

Salix  sp.  a  Knowlton. 

QuercuB  baueri  Knowlton,  n.  sp. 

FicuB  baueri  Knowlton,  n.  sp. 

Ficus  ciuta?  Knowlton. 

Ficus  prsetrinerviB  Knowlton. 

Ficus  leei  Knowlton. 

Ficus  pnelatifolia  Knowlton,  n.  sp. 

Ficus  sp. 

Ficus  rhamnoides  Knowlton. 

Ficus  squarrosa  Knowlton. 

Ficus  sp. 

Ficus  eucalyptifolia?  Knowlton. 

Laurus  baueri  Knowlton,  n.  sp. 

Laurus  coloradenaia  Knowlton. 

Nelumbo  sp. 

Heteranthera  cretacea  Knowlton,  n.  sp. 

Pistia  corrugata  Lesquereux. 

Leguminosites?  neomexicana  Knowlton,  n.  sp. 

Pterospermites  undulatus  Knowlton. 

Pteroepermites  neomexicanus  Knowlton,  n.  sp. 

Pterospermites  sp. 

Ribes  neomexicana  Knowlton,  n.  sp. 

Carpites  baueri  Knowlton,  n.  sp. 

Phyllites  petiolatus  Knowlton,  n.  sp. 

Phyllites  neomexicanus  Knowlton,  n.  sp. 

Unaasigned  plant  (a). 

Unaasigned  plant  (b). 

The  above  list  comprises  40  forms,  of  which 
6  are  so  fragmentary  that  they  have  not  been 
given  specific  names,  2  have  not  been  assigned, 
even  generically,  16  are  regarded  as  new  to 
science,  leaving  16  species  known  previously 
in  other  areas. 

Although  new  species  as  such  have  httle 
value  in  fixing  the  age  of  the  rocks  in  which  they 
occur,  it  not  infrequently  happens  that  impor- 
tant and  far-reaching  conclusions  may  be 
drawn  from  a  consideration  of  their  obviously 
dose  relation  with  species  whose  stratigraphic 
relations  are  known.  Thus  the  species  de- 
scribed as  Asjlenium  neomexicanum  is  not  to 


be  distinguished  from  the  fragment  described 
as  Asplenium  sp.  Knowlton,  from  the  Mesa- 
verde  of  Dutton  Creek,  Laramie  Plains,  Wyo. 
Onodea  neomexicana  belongs  to  a  very  long 
lived  type,  which,  it  was  previously  supposed, 
began  in  the  Fort  Union  and  is  still  living.  The 
present  form  carries  the  type  much  further 
back.  Anemia  hesperia  is  not  closely  related 
to  any  previously  described  fossil  species  from 
this  country.  Myrica  f  neomexicana  is  so 
poorly  reprteented  that  its  generic  reference 
has  been  questioned,  and  hence  its  relationship 
is  obscured.  The  specimen  of  Salix  haueri  is 
also  poorly  preserved  as  regards  nervation  and 
is  of  little  value  in  fixing  its  affinity.  Quercus 
baueri  is  most  closely  related  to  an  unpublished 
species  from  the  Vermejo  formation  of  southern 
Colorado,  differing  in  its  slightly  smaller  size 
and  less  prominenC  teeth.  Ficus  baueri  is,  in  a 
way,  of  the  type  of  Ficus  denveriana,  a  large 
Denver  species,  but  it  differs  very  markedly  in 
nervation  and  is  not  considered  to  be  closely 
related  to  that  species.  Ficus  prselaHfolia  is 
most  nearly  related  to  Ficus  jianicostata  lati- 
foliaj  a  form  first  made  known  from  Black 
Buttes,  Wyo.,  but  later  recorded  from  a  num- 
ber of  horizons,  including  Montana  and  Lara- 
mie. Laurus  baueri  is  of  the  ty}>e  of  Laurus 
sodalis,  a  Tertiary  form,  but  differs  in  nerva- 
tion as  well  as  in  size.  Heteranthera  cretacea 
belongs  to  a  living  type  that  has  not  before 
been  detected  in  a  fossil  state.  The  single 
minute  leaflet  described  xmder  the  name  Legu- 
minosiiest  neomexicana  is  so  small  and  obscure 
that  its  affinity  can  not  be  established.  Ptero- 
spermites neomexicanus  is  probably  most  closely 
related  to  Pterospermites  unduUUa  of  Point  of 
Rocks,  Wyo.  Ribes  neomexicana  is  without 
known  close  relations  among  fossil  forms.  The 
species  of  Carpites  and  PhyUites  have  been  des- 
ignated by  these  nondescript  names  because 
they  are  without  recognized  affitiations. 

The  species  conunon  to  the  Fruitland  and 
Kirtland  formations  and  the  Laramie  formation 
of  the  Denver  Basin  are  Sequoia  reichenhachi, 
Sabal  montana,  Myrica  torreyi,  and  Ficus  prse- 
trin^ervis.  In  working  up  the  flora  of  the 
Laramie  of  the  Denver  Basin  of  Colorado  it 
has  been  found  that  this  flora  embraces  ap- 
proximately 125  species,  of  which  nine  are 
known  to  be  common  to  the  Montana.  As  all 
four  of  the  above-named  species  are  included 
in  the  nine  common  to  the  Laramie  and  Mon- 
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tana,  it  follows  they  can  not  be  used  as  an  argu- 
ment for  the  Laramie  age  of  the  Fruitland  and 
Eirtland  formations,  because  without  col- 
lateral data  it  would  be  impossible  to  decide 
their  age  in  the  San  Juan  Basin.  As  a  matter 
of  fact,  while  these  four  species  are  known  to 
occur  in  the  Laramie,  their  principal  distribu- 
tion is  in  beds  older  than  Laramie.  Thus, 
Sequoia  reichenbachi  is  known  to  range  from  the 
upper  part  of  the  Jurassic  entirely  through  the 
Cetaceous,  being  perhaps  most  abundant,  at 
least  as  regards  individuals,  in  the  middle  Mon- 
tana. Sdbal  marUana  is  the  principal  species  of 
palm  in  the  Montana.  Myrica  tarreyi  was  de- 
scribed originally  from  Black  Buttes,  Wyo., 
but  it  has  since  been  demonstrated  to  be  most 
abundant  and  widely  distributed  in  the  Mon- 
tana. Ficus  prtetrinervia  was  first  found  in 
the  Vennejo  formation  of  Colorado  and  New 
Mexico,  where  at  certain  localities  it  is  exceed- 
ingly abundant. 

Tlie  species  common  to  the  Fruitland  and 
Kirtland  formations  and  the  Montana  group 
are  as  follows : 

*Asplenium  neomexicanum. 
*tSequoia  reichenbachi. 
♦fSequoia  obovata? 
*i<jreiiiitzia  formoea. 
*tSabal  montana. 
*tMyrica  toireyi. 

fSflJix  sp.  a. 

fFicufl  curta? 

fFicufl  pnetrinervis. 

fFicus  leei. 

*Ficu8  rhamnoides. 

*Ficu8  squarrofla. 

fFicuB  eucalyptifolia? 

tl^urus  coloradenalB. 

*Pistia  corrugata. 
*tPteroflpennitefl  undulatus. 

The  species  in  the  above  list  that  are  marked 
with  an  asterisk  (*)  are  found  also  in  the  Mon- 
tana of  Wyoming,  mainly  at  Point  of  Rocks; 
those  marked  with  a  dagger  (f)  are  found  in 
the  Vennejo  of  Colorado  and  New  Mexico. 

Of  the  40  forms  making  up  the  known  flora 
of  the  Fruitland  and  Eirtland  formations,  16 
have  been  found  in  other  areas,  and  the  above 
list  brings  out  the  fact  that  no  less  than  15  of 
these  forms  are  known  to  occur  in  the  Montana. 
A  further  analysis  of  the  list  shows  that  12  of 
the  15  forms  occur  in  the  Vermejo  formation  of 
Colorado  and  New  Mexico,  10  occur  in  the 
Mesaverde,  or  rocks  of  about  this  age,  in 
Wyoming  and  elsewhere,  and  6  species  are  oom- 
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mon  to  both  these  areas.  On  the  basis  of  this 
showing  the  conclusion  seeni3  justified,  there- 
fore, that  the  Fruitland  and  Eartland  foiana- 
tions  are  of  Montana  age. 

Family  POUTPODUeCXX. 

Asplenlnm  neomexianwim  Knowlton,  n.  8|k 

Plate  LXXXIV,  figures  5-9. 

Asplenium  ap.  Knowlton,  U.  S.  Geol..  Survey  Bull.  1C3, 
p.  20,  pi.  3,  fig.  11, 1900. 

Frond  at  least  firm  in  texture;  outline  of 
whole  frond  not  known  but  apparently  simple 
or  once  forked,  base  abruptly  roimded  and 
slightly  cordate,  apex  abruptly  narrowed  to  an 
acimiinate  point;  margin  finely  toothed,  the 
teeth  small  and  apparently  spinose;  stipe  slen- 
der, its  length  not  known  but  at  least  6  centi- 
meters; nervation  very  distinct,  consisting  of 
a  rather  strong  midvein  and  numerous  veins  at 
an  angle  of  emergence  of  about  45^,  usually 
forking  at  or  very  near  the  base  and  occasion- 
ally once  above,  the  veins  or  nearly  all  of  them 
entering  the  teeth;  sori  long,  narrowly  linear, 
attached  to  the  upper  side  of  the  veins. 

This  very  interesting  species  is  represented 
by  about  a  dozen  fragments,  five  of  which  are 
here  figured.  Although  none  is  of  sufficient 
completeness  to  show  the  outline  of  the  whole 
frond,  they  include  parts  that  give  what  seems 
to  be  a  fairly  complete  knowledge  of  its  appear- 
ance. Two  examples  (figs.  8  and  9)  show  the 
configuration  of  the  base  and  a  portion  of  the 
slender  stipe,  and  two  (figs.  5  and  6)  show  the 
apical  portion,  figure  5  berog  particularly  com- 
plete to  the  tip.  It  appears  that  as  a  rule  the 
rachis  forks  at  an  angle  of  approximately  45^ 
a  very  short  distance  above  the  base  of  the 
frond,  producing  two  broad,  probably  short, 
obtusely  pointed  lobes.  In  the  specimen 
shown  in  figure  8  (right-hand  leaf),  however, 
there  is  no  evidence  of  forking  within  its  pre- 
served length  of  5  centimeters,  and  whether  it 
was  forked  at  a  still  higher  point  or  was  entire 
can  not  be  determined.  The  marginal  teeth 
may  be  noted  at  a  number  of  points  in  the  speci- 
mens figured  but  are  especially  distinct  in 
figured. 

The  nervation  is  very  distinct  and  is  well 
shown  in  all  the  specimens.  Most  of  the 
nerves  fork  at  the  base  and  some  of  them  also 
above  the  middle,  but  here  and  there  one  may 
be  noted  that  is  simple  and  unforked  through- 
out.    Most  of  the  nerves  enter  the  teeth. 
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Several  of  the  specimens,  notably  those  illus- 
trated in  figures  7  and  9,  shew  the  fruit,  though 
this  fact  was  not  detected  until  it  was  pointed 
out  by  W.  R.  Maxon,  of  the  United  States 
National  Museum,  to  whom  the  specimens  were 
shown.  The  son  are  apparently  somewhat 
immature,  being  very  long  and  narrowly  linear, 
hardly  more  than  doubling  the  normal  thickness 
of  the  vein. 

This  species  undoubtedly  is  most  nearly 
related  to  Asplenium  hemionitis  Liim6,  now 
living  in  Spain,  Portugal,  and  the  adjacent  At- 
lantic islands.  A,  Tiemionitis  is  usually  five- 
lobed,  having  a  large  triangular  acute  terminal 
lobe  and  two  shorter  similar  acute  lateral  lobes 
wiich  are  bluntly  or  sometimes  acutely  lobed 
at  the  base ;  the  basal  sinus  is  deep  and  rounded, 
and  the  basal  lobes  overlap  the  stipe. 

Occurrence:  Kirtland  shale,  3  inches  below 
base  of  Ojo  Alamo  sandstone,  1^  miles  east- 
northeast  of  Pina  Veta  China,  San  Juan  County, 
N.  Mex.    Lot  40  (6966). 

Onoclea  neomezfcana  Knowlton,  n.  sp. 

Plate  LXXXIV,  figures  1,  2. 

Size  and  outline  of  whole  frond  imknown, 
though  evidently  it  was  rather  large  and  at 
least  bipinnatified ;  main  rachis  thin,  ridged; 
pinnae  apparently  alternate,  rather  widely 
spaced,  apparently  connected  by  a  broad  wing; 
pinnae  short,  broad,  deeply  cut  into  several  lobes, 
those  near  the  base  rather  obtuse  and  provided 
with  a  few  teeth,  the  outer  lobes  acute  and 
entire;  nervation  very  strongly  marked,  reticu- 
lated throughout,  the  reticulations  or  areas 
inclosed  by  the  veins  somewhat  irregular  but 
in  general  about  four  times  longer  than  broad. 

The  available  material  representing  this  form 
is  so  scanty  and  imperfectly  preserved  that 
ordinarily  to  attempt  a  characterization  of  it 
would  hardly  be  worth  while,  but  it  is  so  clear 
as  far  as  it  goes  that  it  can  undoubtedly  be 
recognized  if  found  in  the  future,  and  moreover 
it  furnishes  a  valuable  biologic  step  in  the  inter- 
pretation of  the  geologic  history  of  this  genus. 
As  may  be  seen  from  the  figures,  which  repre- 
sent all  but  a  few  inconsequential  fragments, 
it  is  impossible  to  form  any  adequate  idea  as  to 
the  size  of  the  whole  frond,  as  there  is  no  means 
of  knowing  what  part  of  the  frond  is  repre- 
sented. So  far  as  can  be  made  out  the  pinnae 
are  alternate,  a  considerable  distance  apart,  and 
apparently  connected  by  a  broad  wing.    The 


best-preserved  pinna  was  about  4.5  centimeters 
long  and  at  least  2.5  centimeters  wide.  It  is  cut 
into  four  or  more  lobes  having  rather  large 
teeth.  The  other  figured  specimen  is  probably 
the  tip  of  a  pinna,  but  it  may  be  the  extreme 
tip  of  the  whole  frond.  It  is  cut  into  large, 
sharp-pointed  lobes. 

The  nervation,  as  may  be  seen  from  the 
figures,  is  very  distinct.  It  is  completely  anas- 
tomosing, the  inclosed  areas  being  somewhat 
irregular,  though  in  general  they  are  three  or 
four  times  longer  than  broad.  No  trace  of 
the  fruiting  frond  was  detected. 

This  species  is  undoubtedly  most  closely  re- 
lated to  the  Uving  Onoclea  sensibilis  Ldnnd, 
which,  so  far  as  can  be  determined,  has  also 
been  found  abundantly  and  widely  distrib- 
uted, in  a  fossil  state,  in  the  Fort  Union  for- 
mation. The  fossil  form,  under  the  name  Ono- 
clea  sensibilis  fossUis J  was  first  described  and 
figured  by  Newberry*  from  specimens  obtained 
at  Fort  Union,  on  Yellowstone  River  near  the 
Montana-North  Dakota  line.  This  form  and 
Onoclea  neomexicana  are  so  close  together  that 
with  the  material  available  it  is  not  easy  to  point 
out  essential  differences  between  them.  It 
appears,  however,  that  in  Onoclea  neomexicana 
the  pinnae  are  shorter  and  relatively  more  deeply 
cut  into  lobes,  which  are  themselves  more  or  less 
toothed.  The  nervation  is  more  completely 
reticulated  throughout  than  in  Onoclea  sensibilis 
fossilisj  but  more  and  better  preserved  material 
must  be  available  before  it  will  be  possible  to 
determine  definitely  its  distinctness  or  identity. 

Occurrence:  Kirtland  shale,  3  inches  below 
base  of  Ojo  Alamo  sandstone,  1^  miles  east- 
northeast  of  Pina  Veta  China,  San  Juan  Coimty, 
N.  Mex.     Lot  40  (6966). 

FamUy  SGHIZIAG£fi. 
Anemia  hesperia  Knowlton,  n.  sp. 

Plate  LXXXIV,  figure  3. 

Fronds  presumably  dimorphous;  sterile  frond 
roughly  deltoid,  2.5  centimeters  long,  3  centi- 
meters broad,  dipinnate,  the  rachis  slender, 
pinnce  three  or  four  pairs,  alternate,  lanceolate, 
decreasing  toward  the  apex;  pinnules  confluent, 
cuneate,  erose-dentate  at  apex;  nerves  few, 
slender,  at  an  acute  angle,  once  or  twice  forked; 
fertile  frond  not  known. 


»  Newberry,  J.  8.,  New  York  Lyceum  Nat.  Hist.  Annals,  vol.  9,  p.  30, 
1868;  U.  S.  Geol.  Survey  Mon.  35,  p.  8,  pl.23,flg.  3;  pi. 24,  figs.  1-6, 189a 


FLOBA  OF  THE  FBUITLAND  AND  KIBTLAND  F0BMAT1ON8. 


333 


The  little  specimen  figured  is  all  that  was 
found  of  this  form.  It  represents  the  upper 
portion  of  the  frond,  but  whether  it  is  the  whole 
frond  or  a  mere  fragment  can  not  be  determined. 
From  its  apparent  affinities  it  seems  probable 
that  the  species  was  dimorphous,  and  that  this 
specimen  is  only  the  sterile  portion,  the  fertile 
frond  remaining  unknown. 

Anemia  hesperia  finds  its  closest  affinity  with 
the  living  species  of  the  group  including  Ane- 
mia vmghtii  Baker,  Anemia  dcutaria  Kunze, 
and  Anemia  cuneata  Kimze.  These  are  all 
natives  of  Cuba  and  are  found  growing  in 
crevices  of  rocks  along  shaded  rivers. 

Occurrence:  Fruitland  formation,  about  10 

miles  south  of  Jewett  and  2)  miles  east  of 

Chaco  River,  San  Juan  County,  N.  Mex.     Lot 

14  (6947). 

Anemia  sp. 

Plate  LXXXIV,  figure  4. 

The  genus  Anemia  is  very  widely  distributed 
both  areally  and  vertically,  but  it  rarely  hap- 
pens that  specimens  are  well  enough  preserved 
to  convey  any  adequate  knowledge  of  the 
whole  frond.  The  present  material  is  so  frag- 
mentary that  it  does  not  admit  of  satisfactory 
identification.  The  specimen  figured  is  suffi- 
cient to  show  clearly  that  it  belongs  to  this 
genus,  but  beyond  that  no  judgment  can  be 
ventured.  It  was  evidently  a  large  species, 
with  pinnffi  cut  deeply  into  deltoid,  very  finely 
toothed  lobes.  The  nervation  is  of  the  usual 
type. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  County,  N.  Mex.  Lot 
76  (6953). 

Family  FINAGKS. 
Sequoia  reichenbachl  (Geinitz)  Heer. 

Araucarita  reichenbachi  Geinitz,  Charakterietik  der  Schich- 
ten  und  Petrefacten  des  siU^hflifich-bdhmifichen 
Kreidegebirges,  pt.  3,  p.  98,  pi.  24,  fig.  4,  1842. 

Sequoia  reichenbachi  (Geinitz)  Heer,  Flora  foasilis  arctica, 
vol.  1,  p.  83,  pi.  43,  figs.  Id,  ab,  5a,  1868. 
Lesquereux,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  6, 
p.  51,  pi.  1,  figs.  lO-lOb,  1874;  U.  S.  Geol.  Survey 
Mon.  17,  p.  35,  pi.  2,  fig.  4,  1892. 

The  collections  contain  a  few  poorly  pre- 
served examples  that  are  merely  of  sufficient 
value  to  indicate  the  presence  of  this  widely 
spread  species. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 


vation line,  San  Juan  County,  N.  Mex.    In 
clinker  above  highest  coal.     Lot  75  (6956). 

S«quola  obovata?  Knowlton. 

Sequoia  obovata  Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper 
101,  p.  — ,  pi.  30,  fig.  7  (in  press). 

Sequoia  brevi/olia  Heer,  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Bull.,  vol.  1,  p.  365  [1876];  Ann. 
Rept.  for  1874,  p.  298  [1876];  Tenth  Ann.  Rept.,  for 
187i,  p.  500  [1878];  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  78,  pi.  61,  figs.  25-27,  1878. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  27,  pi.  4, 
figs.  1-4, 1900. 

In  the  present  collections  from  the  San  Juan 
Basin  is  a  single  small,  poorly  preserved  speci- 
men that  is  clearly  a  Sequoia  and  from  the  few 
leaves  retained  appears  to  belong  to  this 
species.  That  this  may  be  so  is  rendered  likely 
by  the  fact  that  characteristic  and  well- 
identified  specimens  have  previously  been 
collected  in  this  same  region. 

Occurrence:  Fruitland  formation,  Hunters 
Wash,  30  nules  south  of  Farmington  and  1  mile 
east  cff  reservation  line,  San  Juan  Coimty, 
N.Mex.     Lot  78  (6952). 

Geinitzia  formosa  Heer. 

Plate  LXXXV,  figure  3. 

Geinitzia  formosa  Heer,    Kreideflora  von   Quedlinbuig: 

Schweiz.  Geeell.  Neue  Denkachr.,  vol.  24,  p.  6, 

pi.  1,  fig.  9;  pi.  2,  1871. 
Newberry,  U.  S.  Geol.  Survey  Mon.  26,  p.  51,  pi.  9, 

fig.  9, 1876. 
Knowlton,  XT.  S.  Geol.  Survey  Bull.  163,  p.  28,  pi.  5, 

figB.  1-2,  1900;  U.  8.  Geol.  Survey  Prof.  Paper  101, 

p.  — ,  pi.  31,  figs.  1-3  (in  press). 

The  figured  specimen  is  a  fragment  of  a 
branch  of  considerable  size  showing  leaf  bases 
and  traces  of  the  leaves.  It  is  of  somewhat 
doubtful  validity  in  this  connection. 

Occurrence:  Fruitland  formation,  17  miles 
south  of  San  Juan  River  and  2  miles  east  of  Rio 
Chaco,  San  Juan  County,  N.  Mex.  Lot  26 
(6949). 

FamUy  PONTEDEBIACE.S.    * 
Heteranthera  cretacea  Knowltoq,  n.  sp. 
Plate  LXXXV,  figure  5. 

Leaf  evidently  thick  in  texture,  elliptical  or 
very  slightly  ovate-elliptical,  abruptly  nar- 
rowed or  rounded  to  a  very  narrow,  short  basal 
portion,  rounded  and  slightly  pointed  at  apex; 
three  nerves  arise  in  the  basal  portion  of  the 
blade  or  petiole,  one  passing  up  the  center  of 
the  blade  and  the  other  two  dividing  the  space 
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between  the  first  and  the  margin;  from  £hese 
three  arise  several  others  of  equal  strength, 
there  being  altogether  10  or  12,  close,  parallel, 
and  all  curving  around  to  and  apparently 
entering  the  tip;  no  other  nervation  discernible. 

This  curious  little  leaf  is  absolutely  perfect 
except  a  minute  portion  of  the  tip.  It  is  about 
22  millimeters  long  including  the  narrow  basal 
portion  or  petiole,  which  is  3  millimeters  in 
length  and  15  millimeters  wide.  It  is  almost 
elliptical,  though  it  is  perhaps  1  millimeter 
broader  in  the  lower  portion  than  in  the  upper. 
There  are  11  or  12  nerves,  only  three  of  which 
arise  in  the  basal  portion,  the  others  arising 
from  them  and  all  running  into  the  tip. 

The  genus  Heteranthera  is  a  small  one, 
comprising  about  nine  species,  two  of  which 
occur  in  tropical  Africa  and  the  others  in 
America.  Only  three  species  are  found  in  the 
United  States.  They  are  herbs  growing  in  mud 
or  shallow  water,  with  creeping,  ascending,  or 
floating  stems  and  petioled  leaves  which  may 
be  cordate,  ovate,  oval,  reniform,  or  even 
grasslike.  Of  the  three  United  States  species 
the  one  most  similar  to  the  present  form  is 
Heteranthera  limosa  (Swartz)  Willdenow,  the 
smaller  mud  plantain,  which  ranges  from  Vir- 
ginia to  Kentucky  and  Missouri,  south  to 
Florida  and  Louisiana,  and  thence  throughout 
tropical  America.  The  living  species  bears 
numerous  oval  or  ovate  leaves  1.5  to  2.5  centi- 
meters long  on  petioles  5  to  12  centimeters 
long.  The  several  nerves  all  arise  from  or  near 
the  top  of  the  petiole  and  arch  around  to 
the  tip. 

It  will  be  noted  that  the  fossil  form  agrees 
closely  with  this  living  species,  the  leaf  being 
more  nearly  elliptical  or  ovate-elliptical  and 
more  abruptly  pointed  at  the  apex.  The 
nerves  as  they  pass  from  base  to  apex  are  very 
similar  in  both  forms,  but  in  the  fossil  leaf  they 
do  not  all  arise  from  the  top  of  the  petiole,  as 
apparently  they  do  in  the  living  species.  It  is 
believed  that  the  generic  reference  can  hardly 
be  questioned. 

This  species  undoubtedly  resembles  and 
indeed  may  be  identical  with  a  Uttle  leaf  from 
Point  of  Rocks,  Wyo.,  which  was  referred  by 
Lesquereux  ^  to  Lemna  scutata  Dawson  and 
which  I  afterward,*  probably  incorrectly,  re- 

»  Lesquereux,  Leo,  U.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  7,  p.  102,  pi. 
61,  fig.  5  [not  fig.  3],  1878. 
»  Knowlton,  F.  H.,  U.  8.  Geol.  Survey  BulL  163,  p.  31, 1900. 


garded  as  merely  a  small  leaf  of  Pistia  carrugaia 
Xiesquereux.  Tlie  leaf  from  Point  of  Rocks  is 
much  smaller  than  the  leaf  here  described  and 
is  more  nearly  circular,  but  the  ''petiole"  and 
the  disposition  of  the  nerves  is  much  the  same 
in  both.  It  is  certainly  clear  that  the  present 
leaf,  as  well  as  the  one  from  Point  of  Rocks,  is 
not  the  same  as  the  type  specimens  of  Dawson's 
Lemna  acuiaia,  and  it  is  also  reasonably  certain 
that  the  present  leaf  can  not  belong  to  the 
genus  Lemna. 

Occiuxence:  Fruitland  formation,  Coal 
Creek,  35  miles  south  of  Farmington  and  1  mile 
east  of  reservation  line,  San  Juan  County, 
N.Mex.     Lot  8 1(6955). 

FamUy  ABACBiB. 

Plstia  cormgata  Leaqnerenx. 

Plate  LXXXV,  figure  4. 

PiMtia  corrugatja  Lesquereux,  U.  S.  Geol.  and  Geog.  Survey 

Terr.  Ann.  Kept,  for  1874,  p.  299  [1876];  U.  S.  Geol. 

Survey  Terr.  Rept.,  vol.  7,  p.  103,  pi.  61,  figs.  1,  3, 

4,  6,  7,  9-11,  1878. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  31, 1900. 

One  of  the  collections  from  the  San  Juan 
Basin  contains  a  single  example  with  its  ooun- 
terpart  that  imdoubtedly  belongs  to  Pistia  cor- 
rugata  as  described  by  Lesquereux  from  speci- 
mens collected  in  the  Montana  group  at  Point 
of  Rocks,  Wyo.  As  may  be  seen  from  the  fig- 
ure, it  is  considerably  broken  and  adds  little 
or  nothing  to  our  knowledge  of  the  species.  It 
is  about  the  same  as  the  specimen  shown  in 
figure  7  of  Lesquereux's  plate  in  volume  7  of 
the  Hayden  Survey  reports,  in  that  it  appears 
to  be  attached  to  the  side  of  the  thick  stem, 
though  it  is  perhaps  really  terminal  and  has 
been  distorted  in  position  during  entombment. 
There  appears  to  be  a  mass  of  rootlets  by  the 
side  of  the  base,  but  these  are  so  matted  and 
compressed  that  their  character  can  not  be 
made  out.  The  nervation  is  the  same  as  that 
figured  by  Lesquereux,  namely,  an  indetermi- 
nate number  of  veins  arising  in  the  base  of  the 
blade  and  spreading  out  and  variously  anasto- 
mosing above,  producing  very  irregular  polyg- 
onal meshes. 

Pistia  corrugaia  is  said  to  be  very  abundant 
at  Point  of  Rocks,  Wyo.,  Lesquereux  describ- 
ing it  as  "covering  by  itself  only  large  surfaces 
of  shale.''  It  was  also  found  in  beds  of  similar 
age  at  Superior,  Wyo.,  by  Schultz  in  1907,  in 
beds  believed  to  be  of  Mesaverde  age  in  the 
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Wind  River  Basin  by  Woodruff  in  1909,  and 
in  the  Judith  River  formation  along  Milk  River, 
Mont.,  by  Pepperberg  in  the  same  year.  The 
questionable  reference  to  this  species  of  the 
specimens  collected  in  1908  near  Alesua  Moun- 
tain, N.  Mex.,  by  Gardner  is  now  rendered 
more  probably  correct  by  the  evidence  of  the 
present  specimen. 

The  genus  Pistia  has  had  a  very  interesting 
geologic  history.  It  is  represented  in  the  liv- 
ing flora  by  a  single  variable  and  widely  dis- 
tributed species  (PiMia  strcUioles  Linn6).  It  is 
mainly  tropical,  ranging  in  this  coimtry  from 
Florida  to  Texas  and  thence  through  the  West 
Indies,  Mexico,  and  Central  America  to  Para- 
guay and  Argentina.  In  Africa  it  ranges  from 
Natal  to  Senegambia  and  Nubia,  and  thence  to 
Madagascar  and  the  Mascarene  Islands.  In 
Asia  it  is  found  throughout  the  East  Indies 
and  thence  to  the  Philippines. 

Of  the  four  or  five  fossil  species  recognized, 
three  are  found  in  North  America.  The  oldest 
of  these  is  Pistia  nardensJcioldi  (Heer)  Berry,* 
which  occurs  in  the  Magothy  formation  of 
Maryland  and  very  abimdantiy  in  the  Black 
Creek  formation  (Turonian)  of  North  Carolina. 
It  was  first  described  by  Heer'  under  the  name 
ChondrophyUum  nardenshioldif  from  specimens 
found  in  the  Atane  beds  of  Greenland. 

The  next  species  in  point  of  age  is  Pistia  cor- 
mgata  Lesquereux,  which  has  already  been  dis- 
cussed. 

The  youngest  American  fossil  form  is  Pistia 
daihomensiSf  from  the  Claiborne  group  (mid- 
dle Eocene)  of  Georgia,  recently  described  by 
Berry.*  This  differs  markedly  from  the  other 
forms  by  its  obovate  shape  and  strongly  retuse 
apex. 

The  only  accepted  European  fossil  species  is 
Pistia  mazeli  Saporta  and  Marion,*  which  occins 
in  the  lignites  of  Furvean  (Provence),  France, 
and  is  of  approximately  the  same  age  as  Pistia 
corrugaia.  Pistia  mazeli  appears  to  be  most 
closely  related  to  the  living  form;  in  fact  in  the 
figures  of  the  two  species  given  side  by  side  by 
Saporta  and  Marion  it  is  almost  impossible  to 

»  Berry,  E.  W.,  Torrey  Bot.  Club  Bull.,  vol.  37,  p.  189,  pi.  21,  flgs.  1-15, 
1910. 

>  Heer,  Oswald,  Flora  fossilla  arctica,  vol.  3,  p.  114,  pi.  30,  fig.  4b;  pi. 
32,  flgs.  11, 12, 1874. 

« Berry,  E.  W.,  U.  8.  Geol.  Survey  Prof.  Paper  84,  p.  137,  pi.  26,  flgs. 
1-2, 1914. 

*  Saporta  Gaston,  and  Marion,  A.  F.,  L'^volutJon.  du  r^gne  vdg^tale, 
Pban^rogames,  vol.  2,  p.  37,  flgs.  114c,  114d,  1885. 


note  marks  of  distiDction.  In  some  ways  it 
appears  that  the  Claiborne  species  {Pistia 
daibornensis)  is  most  closely  related  to  Pistia 
mcuselif  except  that  it  is  more  retuse  at  the 
apex.  However,  its  full  character  has  not  yet 
been  made  out,  as  it  still  depends  on  a  single 
example  in  which  little  of  the  nervation  has 
been  retained. 

The  other  two  species  (Pistia  corrugata  and 
Pistia  nordenslcidldi)  are  themselves  closely 
related  and  are  also  close  to  the  living  species, 
the  main  difference  being  their  larger  size  and 
more  anastomosing  nerves. 

The  significant  point  brought  out  by  this 
discussion  is  the  fact  that  this  pecuUar  plant, 
now  so  widely  distributed  over  both  hemi- 
spheres, was  estabUshed  in  essentially  its  present 
form  in  late  Cretaceous  time,  and  even  then 
occurred  in  both  hemispheres.  It  is  rather 
remarkable  that  so  httle  has  been  ascertained 
regarding  its  Cenozoic  history,  in  view  of  the 
great  number  of  locaUties  that  have  been 
investigated,  yet  the  evidence  that  it  must  have 
persisted  with  very  little  change  is  brought  out 
by  the  above  exposition. 

Occurrence:  Kirtland  shale,  IJ  miles  north- 
east of  Pina  Veta  China,  San  Juan  County, 
N.  Mex.    Lot  96  (6965). 

Fftinily  PALMACEJB. 
Sabal  montana?  Knowlton. 

Plate  LXXXV,  figure  2. 

Sahal  montana  Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper 

101,  p.  — ,  pi.  32,  fig.  3  (in  press). 
Sabalites  grayanus  (LesKjuereux)  Lesquereux,  U.  S.  Geol. 

Survey  Terr.  Rept.,  vol.  7,  p.  112,  pi.  12,  fig.  1  [not 

pi.  12,  fig.  2],  1878. 

Most  fossil  palms  are  very  difficult  to  identify 
and  as  a  consequence  are  more  or  less  unsatis- 
factory as  stratigraphic  criteria.  The  leaves 
are  commonly  of  very  large  size  and  it  is  dif- 
ficult to  procure  specimens  that  are  anywhere 
near  perfect,  essential  characters  being  in  many 
specimens  lacking  or  obscure.  A  specimen 
perhaps  no  larger  than  one's  hand  from  a  leaf 
that  was  possibly  5  or  6  feet  in  diameter  can  not 
fail  to  convey  a  very  inadequate  idea  of  its 
character,  particularly  the  range  in  individual 
variation,  and  it  is  not  at  all  improbable  that 
too  many  species  have  been  established. 

The  specimen  under  consideration  is  a  case  in 
point.    It  19  a  fragment,  only  about  10  centi- 
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meters  long,  from  some  portion  of  the  blade 
showing  the  petiole,  or  its  prolongation,  and  the 
attachment  of  numerous  rays.  It  appears  to 
be  from  the  under  side  of  the  leaf,  but  it  is 
impossible  to  determine  the  length  of  this  pro- 
longation of  tiie  petiole  or  to  estimate  the  num- 
ber of  rays  with  any  degree  of  accuracy.  It 
seems  to  belong  to  what  has  been  named  SabaJ 
moTvUiruiy  as  based  on  a  considerable  number  of 
examples  rather  widely  scattered  through  the 
several  Montana  localities,  but  on  the  other 
hand  it  is  hardly  to  be  distinguished  from 
Geonomites  ungeri  Lesquereux,*  a  species  sup- 
posed to  be  confined  to  the  Raton  and  aUied 
Eocene  formations.  Geonomites  ungeri  was 
estabUshed  on  a  mere  fragment  from  the  middle 
of  a  leaf  that  was  obviously  of  considerable  size, 
and  there  is  no  means  of  knowing  the  size  and 
configuration  of  the  petiole,  the  number  of  rays, 
etc.,  and  consequently  there  is  no  way  to  com- 
pare it  with  leaves  referred  to  Sabai  morUanaj 
in  which  these  features  are  known.  However, 
until  more  definite  information  is  available 
the  San  Juan  specimen  may  stand  as  Sabal 
morUanaf. 

Occurrence:  Fruitland  formation,  18  miles 
south  of  San  Juan  River  and  4  miles  east  of 
Chaco  River,  San  Juan  County,  N.  Mex. 
Lot  28  (6961). 

Sabal?  sp. 

Plate  LXXXV,  figure  1. 

The  specimen  here  figured  is  the  only  one  of 
its  kind  observed  in  the  collections.  It  is  a 
mere  fragment  from  what  apparently  was  a 
very  large  leaf,  but  it  lacks  so  many  essential 
features  that  it  has  seemed  unwise  to  give  it  a 
specific  name.  When  compared  with  the 
specimen  figured  as  Sabal  montanaf  it  is  seen 
to  be  very  diflferent,  the  prolongation  of  the 
rachis  being  especially  strong  and  the  rays  very 
large  at  the  point  of  their  attachment.  But  the 
size  of  the  leaf,  the  length  of  the  rachis,  and  the 
nmnber  and  configuration  of  the  rays  are  un- 
known, and  this  fragment  simply  serves  to  call 
attention  to  the  presence  in  these  beds  of  a 
large  palm. 

Occurrence:  Fruitland  formation,  just  across 
San  Juan  River  from  Fruitland,  about  half  a 
mile  above  the  bridge,  San  Juan  County, 
N.  Mex.     Lot  3  (6957). 


»  Lesquereux,  Leo,  U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  7,  p.  118,  pi. 
U,  fig.  2, 1878. 


FamUy  ICTBIGAGEA. 
Myrica  torreyi  Lesquereux. 

Plate  LXXXVI,  figure  1. 

Myrica  torreyi  Lesquereux,  IT.  S.  Geol.  and  Geog.  Survey 

Terr.  Sixth  Ann.  Kept.,  for  1872,  p.  392  [1873]; 

U.  S.  GeoL  Survey  Terr.  Rept.,  voL  7,  p.  129, 

pi.  16,  figs.  3-10,  1878. 
Ward,  U.  S.  Geol.  Survey  Sixth  Ann.  Rept.,  p.  551, 

pi.  40,  fig. 4, 1886;  Bull.  37,  p.  32,  pi.  14,  fig.  5, 1887. 
Knowlton,  U.  S.  Geol.   Survey  Bull.   163,  p.  34, 

pi.  6,  figs.  1-3,  1900. 
Cockerell,  Colorado  Univ.  Studies,  vol.  7,  p.  150, 1910. 

Only  a  few  fragments  of  this  species  were 
found,  but  it  is  so  well  marked  that  these  are 
sufficient  to  attest  its  presence  in  these  beds. 

Occiurence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reserva- 
tion line,  San  Juan  County,  N.  Mex.  Lot  75 
(6956). 

Myrica?  neomexicaiia  KnowltoB,  n.  sp. 

Plate  LXXXVI,  figures  2-4. 

Leaves  small,  deltoid  in  general  outline, 
apparently  truncate  at  the  base  and  obtusely 
pointed  at  the  apex;  with  at  least  9  and 
probably  as  many  as  11  or  13  lobes,  the  basal 
pair  cut  deeply  or  nearly  to  the  midrib,  be- 
coming almost  separate,  others  only  slightly 
cut  and  in  upper  portion  probably  reduced  to 
merely  strong  undulations;  lobes  obtuse,  entire 
or  more  commonly  strongly  and  obtusely 
toothed;  nervation  pinnate,  the  midrib  being 
relatively  strong;  secondaries  as  many  as  the 
lobes,  at  a  low  angle  of  emergence,  craspedo- 
drome,  ending  in  the  lobes;  finer  nervation 
abimdant  and  very  irregular. 

Although  there  are  several  specimens  that 
obviously  belong  together  they  are  so  frag- 
mentary that  the  species  is  very  inadequately 
represented.  It  is  roughly  triangular  or  del- 
toid, and  was  at  least  4  centimeters  in  length 
and  very  probably  was  considerably  longer. 
The  width  at  base  was  certainly  over  4  centi- 
meters, and  if  there  was  an  additional  free  or 
nearly  free  lobe,  its  width  must  have  been  6 
centimeters  or  more. 

Three  specimens  have  been  figured.  In 
that  shown  in  figure  3  the  lobes  are  nearly 
or  quite  entire,  but  in  the  somewhat  larger  leaf 
shown  in  figure  2  the  lobes  are  irregularly 
and  obtusely  toothed.  The  specimen  shown 
in  figure  4  is  evidently  the  basal  lobe  of  the 
leaf,  but  whether  it  belonged  to  a  larger  leaf 
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or  is  another  nearly  detached  lobe  below  the 
one  shown  in  figure  2  is  of  course  quite  im- 
possible to  determine.  Except  for  its  close 
resemblance  to  the  lower  lobe  like  that  in 
figure  2,  this  specimen  might  be  considered 
an  individual  leaf,  but  it  is  broken  on  the 
upper  side  near  the  base,  where  it  was  un- 
doubtedly connected  to  the  other  part  of  the 
blade. 

Owing  to  the  fragmentary  nature  of  these 
specimens  this  generic  reference  is  more  or 
less  imcertain.  In  some  respects  they  are 
of  the  character  of  certain  species  of  Myrica, 
such,  fot  instance,  as  Myrica  dUcalina  Lesque- 
reux,*  from  the  Green  River  formation  of 
Wyoming,  but  they  differ  markedly  in  many 
essential  particulars. 

Occurrence:  Kirtland  shale,  3  inches  below 
base  of  Ojo  Alamo  sandstone,  1^  miles  north- 
east of  Pina  Veta  China,  San  Juan  Coimty, 
N.  Mex.    Lot  40  (6966) . 

Tamily  SAUGAGXA. 
Salix  banerl  Knowlton,  n.  sp. 

Plate  LXXXVI,  figures  7,  8. 

Leaves  small,  of  firm  texture,  narrowly  ellip- 
tical-lanceolate, about  equally  narrowed  to  both 
base  and  apex;  margin  entire;  midrib  rela- 
tively very  thick;  other  nervation  obscure  or 
wanting. 

This  little  species  is  represented  in  the  col- 
lections by  some  half  dozen  specimens,  three  of 
which  are  here  figured.  They  are  small  leaves 
3  or  4  centimeters  in  length  and  about  14 
millimeters  in  greatest  width.  They  are  pre- 
served on  a  very  coarse  grained  matrix  which 
has  obscured  or  obhterated  nearly  all  traces  of 
nervation  except  the  very  thick  midrib.  An 
occasional  secondary  appears  to  be  at  an  angle 
of  about  45®  and  much  curved  upward  near  the 
margin. 

These  little  leaves  are  so  obsctirely  preserved 
that  their  full  character  can  not  be  made  out, 
and  they  are  consequently  of  comparatively 
little  stratigraphic  value.  They  are  of  about 
the  same  size  and  shape  as  specimens  of  Salix 
integra  GSppert  from  Black  Buttes,  Wyo.,  as 
figured  by  Lesquereux,^  but  the  absence  of 

1  Lesqtwreiix,  Leo,  U.  S.  Qeol.  Sorvey  Terr.  Rept,  vol.  8,  p.  149, 
pL  45A,  fl^  10-15, 18S3. 
>  Idem,  Yd.  7,  p.  167,  pi.  21,  figs.  1,  2, 1878. 


most  of  the  nervation  makes  it  impossible  to 
compare  them  satisfactorily  with  this  species. 
Occurrence:  Fruitland  formation,  10  miles 
south  of  San  Juan  River  and  4  miles  east  of 
Chaco  River,  San  Juan  County,  N.  Mex.  Lot 
16  (6958). 

Salix  sp.  a  Knowlton. 

Plate  LXXXVI.  figure  9. 

Salix  sp.  a  Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101, 
p.  — ,  pi.  38,  fig.  1  (in  press). 

The  collection  contains  a  niunber  of  willow 
leaves  that  are  indistinguishable  from  a  form 
described  and  figured  from  the  Vermejo  for- 
mation of  the  Raton  Mesa  region.  The  leaf 
figured  here,  which  is  one  of  the  best,  is  about 
8  centimeters  in  length  and  1.8  centimeters  in 
width.  It  has  a  very  thick  midrib  and  only 
faint  indications  of  secondaries,  which  appear 
to  be  close,  parallel,  and  at  an  angle  of  about 
45^.  It  is  so  indistinctly  preserved  that  it  has 
not  been  thought  desirable  to  give  it  a  specific 
name. 

Occmrence:  Fruitland  formation,  10  miles 
south  of  San  Juan  River  and  4  miles  east  of 
Chaco  River,  San  Juan  Coimty,  N.  Mex.  Lot 
16  (6958). 

Tamily  FAOAGEiE. 
Quercus  baaerl  Knowlton,  n.  sp. 

Plate  LXXXVI,  figures  5,  6. 

Leaf  small,  of  coriaceous  texture,  ovate- 
elliptical,  about  equally  rounded  to  both  base 
and  apex;  margin  provided  with  relatively 
strong,  rather  obtuse  teeth;  midrib  very  strong; 
secondaries  about  foin:  pairs,  strong,  alternate, 
craspedodrome,  terminating  in  the  teelli;  finer 
nervation  obscure. 

The  specimen  here  figured  is  nearly  perfect 
and  is  3.5  centimeters  long  and  2  centimeters 
wide.  It  was  evidently  a  rather  thick  and 
coriaceous  leaf,  as  is  attested  both  by  its  thick 
nervation  and  by  its  general  appearance. 

This  species  has  some  resemblance  to  an  un- 
published species  of  Quercus  from  the  Vermejo 
formation  but  differs  in  its  slightly  smaller  size 
and  less  prominent  teeth. 

Occurrence:  Fruitland  formation,  from 
clinker  above  highest  coal  bed,  30  miles  south 
of  Farmington  and  1  mile  east  of  reservation 
line,  San  Juan  Basin,  N.  Mex.    Lot  75  (6956). 
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yunily  XORACBJB. 

Ffeas  iMmerl  Knowlton,  n.  sp. 

Plate  LXXXIX,  figure  2. 

Leases  of  medium  size  and  firm  texture, 
ovate,  rather  abruptly  rounded  to  the  appar- 
ently truncate  base,  acuminate  at  apex;  mid- 
rib strong,  straight;  secondaries  three  or  four 
pairs,  very  remote,  alternate,  at  an  angle  of 
45^,  strong  below,  much  thinner  and  almost 
disappearing  above,  probably  camptodrome; 
nervilles  thin,  very  obscure,  obhque  to  the 
midrib;  finer  nervation  not  retained. 

The  specimen  figured,  although  it  lacks  a 
considerable  portion  of  the  leaf,  is  sufficient  to 
give  a  good  idea  of  this  species.  It  is  very 
regularly  ovate,  about  115  centimeters  in 
length  and  7  centimeters  in  greatest  width, 
which  is  above  the  middle  of  the  blade.  It  is 
remarkable  for  its  strong  midrib  and  its  few, 
remote,  alternate  secondaries. 

This  species  is  in  a  way  of  the  type  of  Ficus 
denveriana  Cockerell,^  a  well-known  Denver 
species.  It  differs  markedly  in  nervation, 
however,  as  it  has  only  three  or  four  pairs  of 
very  remote  secondaries,  while  the  Denver 
form  has  not  less  than  ten  or  twelve  paiie  of 
relatively  close  parallel  secondaries.  The  man- 
ner in  which  the  secondaries  reach  the  margin 
is  also  very  different  in  the  two  foims,  and 
hence  they  can  not  be  considered  as  at  all 
closely  related. 

Occurrence:  Fruitland  fonnation,  in  clinker 
above  highest  coal  bed,  30  miles  south  of 
Farmington  and  1  mile  east  of  reservation 
line,  San  Juan  Basin,  N.  Mex.    Lot  75  (6956). 

FIciiB  carta?  Knowlton. 

Plate  LXXXVIII,  figure  3. 

Fieu$  curta  Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  101, 
p.  — ,  pi.  42,  fig.  5  (in  preas). 

The  type  of  this  species  comes  from  the 
Vermejo  fonnation  of  the  Canon  City  coal 
field,  Colorado,  and  is  described  and  figured  in 
the  report  cited. 

The  specimen  here  figured  lacks  most  of  the 
margin,  but  so  far  as  can  be  made  out  it  appears 
to  agree  with  the  leaf  from  Colorado. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 

i  A  new  nanM  for  Fiau  speetabait  Lesqoereixx,  which  proved  to  be 
pnoocupied.  See  U.  8.  Oeol.  Survey  Terr.  Kept.,  vol.  7,  pi.  33,  figs. 
4-6,1878. 


vation  line,  San  Juan  County,  N.  Mex.    Lot 
75  (6956). 

Fleas  pnetrinaria  KbowHob. 

Fieua  prsetrmervit  Knowlton,  XT.  S.  Geol.  Survey  Prof. 
Paptf  101,  p.  — ,  pi.  41,  figs.  1-4;  pi.  42,  fig.  1  (in 

preas). 

The  types  of  this  species  come  from  the 
Yennejo  fonnation  of  the  Raton  Mesa  region 
of  Colorado  and  New  Mexico  and  are  descrihed 
and  figured  in  the  report  cited.  It  is  a  well- 
marked  and  exceedingly  abundant  fonn  in 
the  Vermejo  formation  and  appears  to  be  also 
abimdant  and  well  defined  in  the  San  Juan 
Basin. 

Occurreoce:  Fruitland  formation,  30  miles 
south  of  Farmiogton  and  1  mile  east  of  reserva- 
tion line,  San  Juan  County,  N.  Mex.  Lots 
75  (6956)  and  78  (6952). 

Hens  led  Knowlton. 

Plate  XG,  figure  2. 

Fieus  leei  Knowlton,  U.  S.  Creol.  Survey  Prof.  Paper 
101,  p.  — ,  pi.  39,  figs.  1-6;  pi.  40,  figs.  1, 2  (in  press). 

The  types  of  this  fine  species  come  from  the 
Vermejo  formation  of  the  Raton  Mesa  region 
of  Colorado  and  New  Mexico  and  are  described 
and  figured  in  the  report  cited.  It  is  one  of 
the  most  abundant  and  well-marked  forms  of 
the  Vermejo  formation. 

Ficus  leei  is  also  fairly  abimdant  in  the  San 
Juan  Basin,  though  the  leaves  are  somewhat 
smaller  than  the  average  size  of  those  from 
the  type  area,  but  they  do  not  otherwise 
differ. 

Occurrence:  Fruitland  formation,  Amariflo 
Canyon,  10  miles  south  of  San  Juan  River  hnd 
4  miles  east  of  Oiaco  River,  N.  Mex.,  lot  16 
(6958);  30  miles  south  of  San  Juan  River  and 
4i  miles  east  of  reservation  line,  San  Juan 
County,  N.  Mex.,  lot  74  (6963).  Kirtland 
shale;  1^  miles  northeast  of  Pina  Veta  China, 
San  Juan  County,  N.  Mex.,  lot  40  (6966). 

Ficns  prelatifolia  Knowlton,  n.  sp. 

Plate  LXXXVII,  figure  4. 

Leaves  large,  broadly  ovate,  truncate  or 
slightly  heart-shaped  at  base,  probably  obtuse 
above;  nervation  strongly  three-ribbed  from 
the  top  of  the  petiole,  the  midrib  stronger,  with 
several  pairs  of  subopposite  secondaries  high 
up  above  the  base;  lateral  ribs  with  six  or 
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seven  secondary  camptodrome  branches  on 
the  outside ;  nervilles  numerous,  strong,  mostly 
imbroken. 

This  species  is  represented  by  a  number  of 
examples,  one  of  the  best  of  which  is  figured. 
It  was  probably  not  less  than  13  or  14  centi- 
meters in  length  and  about  9  centimeters  in 
width,  but  the  exact  length  can  only  be 
inferred.  It  was  conspicuously  longer  than 
broad.  The  strong,  three-ribbed  nervation 
and  other  details  are  well  shown  in  the  figure. 

This  form  appeaM  to  be  most  closely  related 
to  Ficus  planicogUUa  latifolia  Lesquereux^ 
(later  caUed  Ficus  la4ifolia  (Lesquereux)  Enowl- 
ton),  which  was  described  originally  from 
specimens  collected  at  Black  Buttes,  Wyo., 
but  has  since  been  discovered  at  a  nmnber  of 
other  localities.  If  only  the  basal  portion  was 
present  it  would  be  extremely  difiScult  to  dis- 
tinguish the  San  Juan  leaf  from  the  previously 
named  species,  but  the  shape  of  the  whole  leaf 
is  very  different.  Thus,  in  Ficus  planicostata 
latifolia  the  blade  is  very  much  broader  than 
long,  but  in  the  one  imder  consideration  the 
reverse  is  true. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reserva- 
tion line,  San  Juan  County,  N.  Mex.    Lot 

75  (6956). 

Fleas  sp. 

Plate  LXXXIX,  figure  1. 

The  single  much-broken  specimen  figured  is 
the  only  one  noted.  It  is  a  rather  large  leaf 
(about  12  centimeters  long  and  6.5  centimeters 
wide)  eUiptical-ovate,  with  apparently  a  slightly 
heart-shaped  base,  and  entire  margin.  The 
entire  upper  part  is  missing.  The  nervation 
consists  of  a  rather  slender  midrib  and  an  \m- 
known  number  of  thin,  remote,  alternate 
secondaries,  the  lower  of  which  has  several 
tertiary  branches  on  the  lower  side.  None  of 
the  finer  nervation  is  retained,  owing  to  the 
coarse-grained  matrix. 

This  form  is  so  poorly  preserved  that  it  i8 
hardly  worth  while  to  institute  comparisons 
between  it  and  various  named  species. 

Occurrence:  Fruitland  formation,  Amarillo 
Canyon,  10  miles  south  of  San  Juan  River  and 
4  miles  east  of  Chaco  River,  San  Juan  County, 
N.  Mex.    Lot  16  (6958). 

1  Lesqaerenz,  Leo,  U.  S.  0«ol.  Surrey  Tor.  Kept.,  yoL  7,  p.  202,  pi. 
31,flg  9, 1878. 


FIciu  rluunnoldes  Knowlton. 

Plate  LXXXVII,  figure  3. 

Ficus  rhamnoidea  Knowlton,  U.  S.  Geol.  Survey  Bull.  163, 
p.  47,  pi.  10,  figs.  1-3;  pi.  11,  fig.  1, 1900. 

This  species  was  described  ori^ally  from 
specimens  found  in  the  Montana  group  at 
Point  of  Rocks,  Wyo.  The  specimen  figured 
here,  although  lackhig  all  the  lower  half  of  the 
leaf,  agrees  in  every  particular  with  the  original 
specimens. 

Occurrence:  Fruitland  formation,  13  miles 
south  of  San  Juan  River  and  1  mile  east  of 
Chaco  River,  San  Juan  County,  N.  Mex.  Lot 
23  (6960). 

Fiou  sqnarnMMi?  KnowHon. 

Plate  LXXXVI,  figure  10. 

Ficus  squarrosa  Knowlton,  XT.  S.  Geol.  Survey  Bull.  163, 
p.  45,  pi.  8,  fig.  2,  1900. 

The  single  example  figured  is  referred  with 
doubt  to  this  species.  It  is  a  much  smaller 
leaf  than  the  type  but  does  not  appear  to  differ 
essentially  otherwise.  It  is  so  poorly  preserved, 
however,  that  it  seems  best  to  question  the  full 
identification. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reserva- 
tion line,  San  Juan  County,  N.  Mex.  Lot  76 
(6963). 

FICItB  0p. 

Plate  LXXXVIII,  figure  1. 

Leaf  large,  apparently  nearly  circular  in  gen- 
eral outline,  rather  broadly  heart-shaped  at 
base,  probably  rounded  above;  nervation 
strongly  marked,  consisting  of  seven  ribs  from 
the  top  of  the  petiole,  the  central  or  midrib 
slightly  the  stronger,  with  two  pairs  of  opposite, 
remote  secondaries,  other  ribs  (three  on  each 
side)  about  equally  dividing  the  broad  blade 
into  four  areas,  the  inner  pair  of  ribs  joining 
the  lower  secondaries  of  the  midrib ;  the  lower 
ribs  with  tertiary  branches  on  the  outside  which 
join  by  a  series  of  broad  loops  just  inside 
the  margin;  nervilles  numerous,  very  strong, 
mainly  broken;  finer  nervation  producing  quad- 
rangular areolsB. 

This  form  is  imdoubtedly  very  well  marked, 
but  imf ortunately  it  lacks  nearly  all  the  margin 
except  at  the  base  and  for  a  distance  of  some 
4  centimeters  above  it.  This  leaf  was  probably 
11  or  12  centimeters  long  and  hardly  less  than 
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1 2  centimeters  broad.  The  rather  deeply  heart- 
shaped  base,  seven  strong  ribs,  strongly  looping 
tertiaries,  and  strong,  broken  nervilles  would 
make  it  easy  of  recognition  though  it  lacks  so 
much  of  the  blade. 

This  leaf  suggests  at  once  Ficus  wardii 
Ejnowlton,^  from  the  Montana  group  at  Point 
of  Rocks,  Wyo.  That  species,  however,  is 
smaller  and  has  a  shallower  heart-shaped  base 
and  only  five  instead  of  seven  ribs.  The  lower 
or  outer  ribs  in  Ficus  vxvrdii  have  numerous 
regular,  parallel  tertiary  branches  quite  unlike 
the  tertiaries  in  the  present  form.  These  char- 
acters should  make  it  easy  of  recognition  in  the 
future. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reserva- 
tion line,  San  Juan  County,  N.  Mex.  Lot  75 
(6956). 

Flciis  encalyptifolU?  Knowlton. 

Plate  LXXXVII,  figures  1,  2. 

Fkui  eucalyptifolia  Knowlton,  U.  S.  Geol.  Survey  Prof. 
Paper  101,  p.  — ,  pi.  44,  figs.  1,  2  (in  press). 

The  types  of  this  species  come  from  the  Ver- 
mejo  formation  of  Rockvale,  Colo.,  and  are 
described  and  figured  in  the  report  cited.  The 
San  Juan  Basin  material  embraces  a  number 
of  leaves  th&t  appear  to  belong  to  this  species, 
but  as  they  are  rather  poorly  preserved  it  has 
seemed  best  to  question  the  reference.  They 
are,  so  far  as  can  be  made  out,  of  the  same  size 
and  shape  as  the  types,  but  the  nervation, 
with  the  exception  of  the  strong  midrib,  is 
obscure.  The  secondaries  appear  to  be  very 
thin,  evenly  spaced,  and  parallel,  but  their 
termination  near  the  margin  can  not  be  seen. 

Occurrence:  Fruitland  formation,   13  miles 

south  of  San  Juan  River  and  1  liiile  east  of 

Chaco  River,  San  Juan  County,  N.  Mex.    Lot 

23  (6960). 

Family  LAI7BACSJE. 

Laams  baneri  Knowlton,  n.  sp. 

Plate  LXXXIX,  figure  5. 

Leaf  evidently  of  thick  texture  and  probably 
evergreen,  lanceolate,  narrowed  in  about  equal 
degree  to  the  wedge-shaped  base  and  appar- 
ently acuminate  apex  (actual  base  and  apex 
not  preserved) ;  margin  entire,  provided  with  a 
thick  "cord"  which  makes  the  actual  margin; 
midrib  relatively  thick,  straight;  secondaries 

1  Knowlton,  F.  H.,  Flora  of  the  Montana  formation:  U.  8.  Oeol.  Sur- 
Tey  Bull.  163,  p.  48.  pi.  9,  fig.  1. 1900. 


very  thin,  alternate,  at  an  angle  of  30°  or  40**, 
much  curved  upward  and  disappearing  just  in- 
side the  margin  or  each  joining  by  a  series  of 
very  thin  loops  to  the  one  next  above;  nervilles 
all  very  much  broken  and  irregular  and  form- 
ing different-sized  areolae. 

The  example  figured  is  the  only  one  observed. 
It  is  a  narrowly  lanceolate,  slightly  unequal- 
sided  leaf  about  9  centimeters  long  and  a  little 
over  2.5  centimeters  wide.  It  is  remarkable  in 
that  the  margin  is  formed  by  a  thick  fibrous 
"cord"  nearly  1  millimetar  in  width,  which 
otherwise  resembles  a  secondary  branch.  The 
midrib  is  very  thick  for  the  size  of  the  leaf,  but 
the  secondaries  are  thin  and  delicate.  The 
actual  leaf  substance  is  retained  as  a  thin  mem- 
branaceous carbonaceous  film,  which  shows  all 
the  detaUs  of  the  nervation  as  completely  as 
could  be  seen  in  a  living  leaf.  When  this  car- 
bonaceous film  is  removed  it  is  found  that  the 
details  of  nervation  are  very  faintly  impressed 
on  the  matrix.  It  seems  probable,  from  the 
thick  midrib,  the  woody  marginal  "cord,"  and 
the  faintly  impressed  secondaries,  that  the  leaf 
was  originally  thick  and  coriaceous  and  not 
unlikely  was  evergreen. 

This  species  is  of  the  general  type  of  certain 
of  the  leaves  referred  by  Lesquereux  *  to  Lauras 
socidlis,  a  wiell-known  Tertiary  form.  It  differs 
from  that  species,  however,  in  its  larger  size, 
fewer  secondaries,  which  curve  upward  for  a 
longer  distance,  and  above  all  in  the  presence 
of  the  marginal  "cord." 

Occurrence:  Fruitland  formation,  2  miles 
east  of  Chaco  River,  San  Juan  Basin,  N.  Mex. 
Lot  14  (6948). 

Laninfl  coloradensis  Knowlton. 

Plate  LXXX\^III,  figures  4,  5. 

Laurua  coloraderms  Koowlton,  U.  S.  Geol.  Survey  Prof. 
Paper  101,  p.  — ,  pi.  45,  fig.  3  (in  press). 

The  type  of  this  species  comes  from  the 
Vermejo  formation  at  Rockvale,  Colo.,  and  is 
described  and  figured  in  the  report  cited.  The 
two  leaves  here  figured  are  somewhat  smaller 
than  the  type  but  do  not  appear  to  differ 
essentially  in  any  other  particular. 

Occurrence:  Fruitland  formation,  13  miles 
south  of  San  Juan  River  and  1  mile  east  of 
Chaco  River,  San  Juan  County,  N.  Mex.  Lot 
23  (6960). 

» Lesquereux,  Loo,  U.  S.  Oeol.  Survey  Terr.  Kept.,  "rol.  7,  p.  213,  pi. 
36,  figs.  1-4,  7, 1878. 
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Ttonlly  NTHPH^ACEiE. 
Nelnmbo  sp. 

Plate  LXXXVI,  figure  11. 

The  San  Juan  Basin  collections  include  the 
specimen  here  figured,  which  appears  to  belong 
to  Nelumbo.  It  is  a  fragment  from  near  the 
central  part  of  what  was  a  perfoliate  leaf  of 
considerable  size,  though  none  of  the  margin  is 
now  retained.  The  leaf  was  at  least  12  centi- 
meters in  diameter  -and  very  likely  was  nearly 
twice  this  size.  It  was  evidently  very  thick, 
as  is  proved  by  the  fact  that  the  ribs  seem 
deeply  embedded  in  the  leaf  substance — so 
deeply,  in  fact,  that  it  is  impossible  to  deter- 
mine their  exact  number,  though  there  were 
apparently  as  many  as  18  or  20.  There  is  also 
evidence  that  some  of  them  were  unforked. 
None  of  the  other  details  can  now  be  made  out. 

It  is  hardly  worth  while  to  attempt  com- 
parisons between  this  and  described  species 
of  the  genus,  as  so  many  of  its  characters  are 
obscure  or  missing.  It  appears,  however,  to  be 
of  the  type  of  the  common  living  Nelumbo  lutea 
(Willdenow)  Persoon,  the  water  chinkapin  of 
lakes  and  streams. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  Coimty,  N.  Mex.  Lot 
76  (6953). 

Family  MIMOSACEiB. 
LegnmliiOBites?  neomezicaiia  Ejiowlton,  d.  sp. 

Plate  XC,  figures  3,  4. 

Leaflet  minute,  about  11  millimeters  in 
length  and  5  millimeters  in  width,  ovate- 
lanceolate,  roimded  and  apparently  truncate 
at  base,  acuminate  at  apex;  midrib  very  thick 
for  the  size  of  the  blade;  secondaries  ex- 
tremely thin,  about  four  pairs,  alternate, 
camptodrome,  each  joining  the  one  next  above 
and  forming  a  bow  far  inside  the  margin;  finer 
nervation  not  retained. 

It  must  be  confessed  that  this  leaflet  is  of 
little  stratigraphic  value,  its  main  interest 
being  in  the  evidence  it  affords  of  the  presence 
of  vegetation  of  this  type  in  these  beds.  It  is 
so  very  small  and  on  the  whole  so  poorly  pre- 
served that  comparisons  with  other  forms 
referred  to  this  type  will  not  be  attempted. 

Occurrence:  Kirtland  shale,  IJ  miles  north- 
east of  Pina  Veta  China,  San  Juan  County, 
N.  Mex.    Lot  40  (6966). 


Family  STXBGULEACEiE. 
Pterospermites  undvlatus  Knowlton. 

Plate  XC,  filgure  5. 

Pterospermites  undulatus  Knowlton,  U.  S.  Geol.  Survey 
Bull.  163,  p.  67,  pi.  16,  fig.  3;  pi.  17,  fig.  2;  pi.  18 
fig.  4,  1900. 

The  example  figured,  which  unfortimately  is 
much  broken,  appears  to  be  referable  to  this 
species.  It  is  of  about  the  average  size  of 
those  from  Point  of  Rocks,  Wyo.,  and  with 
the  exception  of  being  a  little  more  rounded 
below  does  not  differ  essentially. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  County,  N.  Mex.  Lot 
75  (6956). 

Pterospermites  neomezicanus  Knowlton,  n.  sp. 

Plate  XC,  figure  6. 

Leaf  evidently  thin  in  texture,  ovate, 
abruptly  truncate  and  slightly  heart-shaped 
at  base,  acuminate  at  apex;  margin  entire 
below,  becoming  slightly  undulate  in  the  naid- 
dle  and  few-toothed  in  the  upper  third,  the 
teeth  small,  sharp,  pointing  outward,  and 
separated  by  very  shallow  sinuses;  midrib 
slender;  secondaries  about  four  pairs,  sub- 
opposite,  remote,  the  lower  pair  arising  near 
the  top  of  the  petiole,  with  five  or  six  branches 
on  the  lower  or  outer  side,  the  lowest  with 
several  tertiary  camptodrome  branches  on  the 
lower  side;  upper  secondaries  simple  or  occa- 
sionally branched;  nervilles  few,  irregular; 
finer  nervation  not  retained. 

This  leaf  is  regularly  ovate,  about  8  centi- 
meters long  and  5.5  centimeters  wide  at  the 
broadest  point,  which  is  just  below  the  middle. 
It  is  otherwise  distinguished  by  its  few  sec- 
ondaries and  by  the  margin  entire  below  and 
undulate  and  finely  toothed  above. 

Occurrence:  Fruitland  formation*,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  County,  N.  Mex.  Lot 
75  (6956). 

Pt«*ospermite8  sp. 

Plate  LXXXIX,  figure  3;  Plate  XC,  figure  1. 

One  of  the  collections  contains  a  fragment  of 
a  very  large  leaf  that  apparently  belongs  to 
the  genus  Pterospermites.  It  could  hardly 
have  been  less  than  18  centimeters  in  length 
and  was  at  least  14  centimeters  in  width.     It 
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was  apparently  broadly  ovate,  rounded  at  the 
base,  with  the  margin  strongly  undulate- 
toothed,  both  the  teneth  and  the  sinuses  sepa^ 
rating  them  being  rounded.  The  secondaries 
are  strong,  occasionally  forked,  approximately 
parallel,  and  craspedodrome.  NerviUes  rather 
scattered,  somewhat  irregular  but  usually 
unbroken.  Finer  nervation  producing  an  irreg- 
ularly quadrangular  mesh. 

Associated  in  the  same  collection  is  the 
specimen  shown  in  figure  1,  which  represents 
the  basal  portion  of  a  large  leaf  that  is  prob- 
ably the  same  species  as  that  shown  in  Plate 
LXXXIX,  figure  3.  It  is  deeply  heart-shaped 
at  the  base.  The  midrib  is  very  strong,  and 
the  secondaries  are  at  a  very  low  angle.  The 
petiole  is  preserved  for  a  length  of  1.5  centi- 
meters and  is  very  thick  and  strong. 

This  leaf,  which  is  obviously  too  much  broken 
to  admit  of  satisfactory  diagnosis,  appears  to 
be  congeneric  with  Pterospermites  unduUUus 
Knowlton,*  from  Point  of  Rocks,  Wyo.,  but 
it  was  much  larger  and  has  a  more  markedly 
undulate  margin.  The  secondaries  appear  to 
emerge  from  the  midrib  at  a  lower  angle  than 
in  the  Point  of  Rocks  form,  but  this  point  is 
obscure.  The  finer  nervation  is  about  the 
same  in  both  forms. 

Occurrence:  Kirtland  shale;  1}  miles  north- 
east of  Pina  Veta  China,  San  Juan  County, 
N.  Mex.    Lot  40  (6966). 

Family  GBOSSXTLABIACS& 

Ribes  neomexicana  Knowlton,  n.  sp. 

Plate  LXXXIX,  figure  4. 

Leaf  small,  firm  in  texture,  broader  than 
long,  three-lobed,  the  lateral  lobes  strongly 
toothed  (central  lobe  much  broken);  base 
truncate  or  very  slightly  heart-shaped;  nerva- 
tion not  well  retained,  consisting  at  least  of  a 
fairly  strong  midrib  and  two  lateral  ribs  that 
arise  at  or  near  the  base  and  supply  the  lateral 
lobes,  each  apparently  with  several  branches  on 
the  outside  that  end  in  the  marginal  teeth. 

This  little  leaf,  the  only  one  of  its  kind  in  the 
collections,  is  broadly  ovate  in  general  outline, 
about  2  centimeters  long  and  nearly  3  centi- 
meters broad.  It  appears  to  be  rather  deeply 
three-lobed,  and  each  of  the  lateral  lobes  is  pro- 

» Knowlton,  F.  H.,  TJ.  8.  Oed.  Survey  Bull.  163,  p.  67,  pi.  17,  flg.  2, 1900. 


vided  with  five  or  six  strong  pointed  teeth.  The 
middle  lobe  is  so  much  broken  that  its  exact 
shape  can  not  be  made  out,  though  it  was 
doubtless  toothed  like  the  others. 

Occurrence:  Fruitland  formation,  10  miles 
south  of  San  Juan  River  and  4  miles  east  of 
Chaco  River,  San  Juan  County,  N.  Mex. 
Lot  16  (6958). 

mCEBTA  SXDSS. 
Carries  baneri  Knowlton,  n.  sp. 

Plate  LXXXVIII,  figure  2. 

Fruit  spheroidal,  about  11  by  13  millimeters 
in  short  and  long  diameter,  much  compressed; 
surrounded  by  an  exocarp  fully  1  millimeter 
thick;  "stone"  deeply  sulcate  at  one  end  but 
not  otherwise  marked. 

The  example  figured  ha  the  only  one  found 
in  the  collections  and  consequently  its  exact 
character  is  dfficult  to  determine;  in  fact,  it 
is  impossible  to  be  certain  of  its  orientation. 
The  sulcation  on  one  side  is  probably  opposite 
the  point  of  attachment.  The  nature  of  the 
outer  covering  is  diflGlcult  to  interpret.  It 
could  hardly  have  been  fleshy,  as  it  is  so  imi- 
form  in  thickness  and  so  distinct,  and  proba- 
bly it  was  an  exocarp  similar  to  that  in  certain 
species  of  Carya.  The  inner  portion,  or  "  shell, ' ' 
is  without  markings  except  the  deep  furrow  on 
one  side.  It  is  perhaps  needless  to  add  that 
its  affinity  is  not  known. 

Occurrence:  Fruitland  formation,  Coal  Creek, 
35  miles  south  of  Farmington  and  1  mile 
east  of  reservation  line,  San  Juan  County, 
N.  Mex.     Lot  81  (6955). 

PhylUtes  petiolatos  Knowlton,  n.  sp. 

Plate  XCI,  figure  3. 

Leaves  small,  membranaceous  in  texture, 
elliptical-lanceolate,  long  wedge-shaped  at 
base,  apparently  narrowly  acuminate  at  apex; 
margin  perfectly  entire;  petiole  very  strong, 
more  than  2.5  centimeters  in  length;  midrib 
very  strong  below,  becoming  thin  in  the  upper 
third  of  the  leaf;  secondaries  four  pairs,  alter- 
nate, at  an  angle  of  about  50°,  each  running 
up  for  a  long  distance  and  disappearing  in  or 
near  the  margin  or  joining  the  secondary  next 
above;  nerviUes  numerous,  very  thin,  mainly 
unbroken,  at  right  angles  to  the  secondaries; 
finer  nervation  obscure. 
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The  leaf  figured  is  the  best  one  observed. 
It  is  about  7  centimeters  long  and  slightly 
over  2  centimeters  in  width,  the  petiole,  as 
already  stated,  adding  at  least  2.5  centime- 
ters to  the  total  length.  This  species  may  be 
known  by  its  elliptical-lanceolate  shape,  long 
wedge-shaped  base,  long,  thick  petiole,  and 
only  four  pairs  of  alternate  secondaries. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  County,  N.  Mex.  Lot 
75  (6966). 

Phyllltes  neomeiicamis  Knowlton,  n.  op. 

Plate  XGI,  figure  2. 

Leaf  small,  rather  thick  in  texture,  slightly 
obovate-elliptical,  rather  abruptly  wedge- 
shaped  at  base,  apparently  rounded  and 
rather  obtuse  above;  margin  entire;  midrib 
relatively  strong;  secondaries  about  five  pairs, 
subopposite,  remote,  at  an  angle  of  about  50^, 
somewhat  turned  upward,  camptodrome  or 
just  barely  reaching  the  margin;  nerviUes 
mainly  unbroken,  somewhat  oblique  to  the 
secondaries. 

This  litUe  leaf  is  6.5  centimeters  in  length 
and  3  centimeters  in  width  just  above  the 
middle. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  Coimty,  N.  Mex.  Lot 
75  (6956). 

Unassigned  plant  (a). 

Plate  XGI,  figures  4-9. 

In  one  of  the  collections  there  are  several 
specimens  of  a  plant  whose  exact  affinity  has 
not  been  ascertained.  The  most  complete  ex- 
ample, shown  in  figure  8  (enlarged  in  fig.  9),  is 
pinnate,  with  several  narrowly  lanceolate  fern- 
like  ''pinnse/'  about  15  millimeters  long  and 
5  millimeters  broad,  with  two  close  rows  of 
small,  scythe-shaped  organs  (pinnules  or  leaf- 
lets). Some  of  the  little  "pinnules"  (see  fig. 
4)  are  short-petioled;  others  are  nearly  or  quite 
sessile  below,  becoming  confluent  above.  In 
the  upper  portion  of  some  of  the  "pinnae"  the 
"pinnules"  are  set  so  closely  that  the  blades 
distinctly  overlap. 

The  nervation  of  the  "pinnules"  is  peculiar. 
A  single  vein  arises  from  the  petiole  at  the 
lower  margin  of  the  blade  and  forks  just  above 


its  point  of  origin;  the  lower  branch  usually 
traverses  the  length  of  the  blade  and  occasion- 
ally branches  or  forks,  and  the  upper  one  dis- 
tinctly forks  once  or  twice  into  equal  branches 
entirely  after  the  manner  of  a  fern. 

The  size  and  general  appearance  of  this  Uttle 
plant,  as  well  as  the  shape  and  close  overlap- 
ping of  many  of  the  foliar  organs  ("pinnules" 
or  "leaflets"),  are  somewhat  suggestive  of 
Selaginella,  but  if  it  were  of  that  genus  it 
should  belong  to  a  type  in  which  there  should 
be  present  two  other  rows  of  minute  scaleUke 
leaves,  and  nothing  of  the  kind  has  been  de- 
tected. Moreover,  the  nervation  does  not 
agree  with  the  nervation  of  Selaginella. 

On  first  inspection  it  suggested  Sdagindla 
falcata  Lesquereux,^  from  Point  of  Rocks, 
Wyo.,  but  closer  study  shows  that  the  "leaves" 
are  much  broader  in  the  present  material  and 
have  a  quite  different  nervation. 

The  pinnate  arrangement  of  the  narrow 
"pinnae,"  the  appearance  of  the  "pinnules," 
and  above  all  the  forking  nervation  suggest  a 
small  delicate  fern  of  the  asplenoid  type,  but 
Mr.  W.  R.  Maxon,  to  whom  the  specimen  was 
shown,  is  quite  certain  it  is  not  a  pteridophyte. 

Considering  these  uncertainties  as  to  its  affin- 
ities, I  will  not  venture  to  place  it  biologically 
until  more  and  better  material  is  available. 

Occurrence:  Kirtland  shale,  1^  miles  north- 
east of  Pina  Veta  China,  San  Juan  County, 
N.  Mex.    Lot  43  (6965). 

Unassisned  plant  (b). 
Plate  XGI,  figure  1. 

In  one  of  the  collections  of  red  baked  shale 
there  is  a  specimen  that  is  worthy  of  brief 
mention,  although  it  is  very  fragmentary  and 
hence  difficult  of  allocation.  It  consists  of  a 
fragment  of  a  stem  about  4  centimeters  in 
length  and  about  4  millimeters  in  diameter. 
It  bears  apparently  opposite  or  subopposite 
leaves,  whose  sheathing  bases  cover  the  stem 
for  a  considerable  distance  below  each  node. 
The  leaves  are  lanceolate  and  slightly  con- 
stricted at  the  base  and  presumably  acute  at 
the  apex,  though  no  tips  are  preserved.  The 
leaves  are  retained  for  a  length  of  about  1.5 
centimeters,  but  may  well  have  been  many 
times  this  length.     They  are  imkeeled  and  pro- 

1  Lesquereuz,  Leo,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  46,  pi.  61, 
figs.  12-15, 1878. 
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vided  with  numerous  close,  fine,  parallel  veins 
with  cross  veinlets. 

The  aflSnity  of  this  plant  has  not-been  deter- 
mined. The  leaves  with  their  sheathing  bases 
suggest  a  sedge,  but  this  is  hardly  more  than  a 
suggestion,  for  they  do  not  agree  with  the  com- 
bined characters  of  this  group.  The  plant  is 
evidently  a  monocotyledon  and  in  general  ap- 
pear^ce   somewhat   resembles   some    of  .the 


leafy-stemmed  forms  of  Cypripedium  or 
Habenaria,  but  this  resemblance  is  perhaps 
hardly  more  than  superficial,  and  the  fact  re- 
mains that  the  specimen  is  too  fragmentary  to 
permit  complete  identification. 

Occurrence:  Fruitland  formation,  30  miles 
south  of  Farmington  and  1  mile  east  of  reser- 
vation line,  San  Juan  County,  N.  Mex.  Lot 
75  [6956]. 
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THE  REEF-CORAL  FAUNA  OF  CARRIZO  CREEK,  IMPERIAL  COUNTY, 

CALIFORNIA,  AND  ITS  SIGNIFICANCE. 


By  Thomas  Watland  Vaughan. 


INTRODUCTION. 

Knowledge  of  the  existence  of  the  unusually 
interesting  coral  fauna  here  discussed  dates 
from  the  exploration  of  Coyote  Motintain  (also 
known  as  Carrizo  Mountain)  by  H.  W.  Fair- 
banks in  the  early  nineties.^  Dr.  Fairbanks 
sent  the  specimens  of  corals  he  collected  to 
Prof.  John  C.  Merriam,  at  the  University  of 
California,  who  in  turn  sent  them  to  me. 
There  were  in  the  collection  representatives  of 
two  species  and  one  variety,  which  I  described 
imder  the  names  Favia  merriamif*  Stephana- 
ccBnia  fairbanksi,^  and  StepTianocoenia  fair-- 
hanksi  var.  columnaris^  As  the  geologic  hori- 
zon was  not  even  approximately  known  at  that 
time,  I  gave  it  as  "doubtfully  Cretaceous"  in 
the  paper  cited. 

Late  in  1903  Dr.  Stephen  Bowers  sent  to  me 
for  examination  a  small  collection  of  fossils 
obtained  by  him  in  the  Carrizo  Creek  area  dur- 
ing Jime  and  July,  1901.*  This  collection  con- 
tained corals  whose  affinities  are  undoubtedly 
with  Pliocene,  Pleistocene,  and  Recent  species 
of  the  western  Atlantic  region,  and  not  with 
any  known  Uving  Indo-Pacific  fauna.  The  fol- 
lowing statement  was  made  in  a  paper  based  on 
this  collection.* 

In  the  collection  that  has  so  far  been  made  from  the 
California  fossil  reef  five  genera  are  represented,  all  of 
vhich  occur  in  the  fossil  and  recent  faunas  of  the  Antilles 
and  not  one  of  which  is  at  present  known  to  occur  on  the 
Pacific  coast.    The  age  of  the  beds  in  which  these  fossils 

t  California  State  Min.  Bur.  Eleventh  Ann.  Rept.,  pp.  88-90, 1803. 

I  Vaughan,  T.  W.,  The  Eocene  and  lower  Ollgooene coral  launasof  the 
United  States:  U.  S.  Geol.  Survey  Mon.  39, p.  142,  pL  15,  figs.  6, 5a,  5h,  So, 
1900. 

'  Idem,  p.  151,  pi.  17,  figs.  11,  Ua. 

*  Idem,  pp.  151, 153,  pi.  17,  flgs.  10, 10a. 

>  A  brief  report  on  his  field  observations  was  made  by  Dr.  Bowers  in 
an  article  entitled  "Reconnaissanoe  of  the  Colorado  Desert  mining 
district,"  19  pp.,  California  State  Min.  Bur.,  1901. 

I  Vaughan,  T.  W.,  A  Califomian  Tertiary  ooral  reef  and  its  bearing  on 
American  recent  coral  famias:  Bdenoe,  new  ser.,  voL  19,  p.  503,  Mar.  24, 
1904. 


occur  has  been  determined  by  Drs.  Arnold  and  Dall  to  be 
lower  Miocene.  The  following  conclusions  seem  warranted : 
(1)  There  was  water  connection  between  the  Atlantic  and 
Pacific  across  Central  America  not  much  previous  to  the 
upper  Oligocene  or  lower  Miocene — that  is,  during  the 
upper  Eocene  or  lower  Oligocene.  This  conclusion  is  the 
same  as  that  reached  by  Messrs.  Hill  and  Dall,  theirs,  how- 
ever, being  based  upon  a  study  of  the  fossil  moUusks.  (2) 
During  lower  Miocene  time  the  West  Indian  type  of  coral 
fauna  extended  westward  into  the  Pacific,  and  it  was  sub- 
sequent to  that  time  that  the  Pacific  and  Atlantic  faunas 
have  become  so  markedly  differentiated. 

As  it  will  be  made  evident  on  subsequent 
pages  that  this  fauna  is  much  younger  than 
lower  Miocene,  the  inference  as  to  the  date  of 
the  interoceanic  connection  given  in  the  fore- 
going quotation  must  be  modified. 

After  receiving  the  specimens  from  Dr.  Bow- 
ers and  recognizing  the  need  of  more  careful 
geologic  studies  in  the  Carrizo  Creek  aroa,  I 
brought  the  matter  to  the  attention  of  C.  W. 
Hayes,  then  chief  geologist  of  the  Survey,  and 
in  January,  1904,  arrangements  were  made  for 
an  expedition  to  the  region,  in  charge  of  W.  C. 
Mendenhall,  who  was  accompanied  by  Dr. 
Bowers.  Mr.  Mendenhall  conducted  the  phys- 
iographic and  stratigraphic  studies  and  Dr. 
Bowers  made  a  large  coUeotion  of  fossils. 

As  it  was  my  intention  to  publish  promptly 
an  account  of  the  fossil  corals,  I  furnished  to 
Ralph  Arnold,  for  publication  in  his  paper 
entitled  '*The  Tertiary  and  Quaternary  pectens 
of  California/*'  a  list  which  contained  three 
nomina  nuda,  but  other  duties  prevented  my 
completing  a  report  until  the  summer  of  1916. 
The  list  furnished  and  published  was  based  on 
the  collection  submitted  by  Dr.  Bowers  before 
he  made  the  expedition  with  Mr.  Mendenhall. 
It  is  given  in  the  first  column  of  the  hst  on 
page  356.  The  second  column  gives  the  names 
appUed  in  this  paper. 

'  U.  S.  Qeol.  BuTvey  Prof.  Paper  47,  p.  22, 1906. 
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Fossil  corals  from  Carrixo  Creek^  CaL 


Name  in  Prof.  Paper  47,  p.  22. 

Diploria   bowerai   Vaughan 

(MS.). 
Favia  meniami  Vaughan. 

Pledastrea  californica 

Vauglian  (MS.). 
Sideraatrea  californica 

Vaughan  (MS.). 
Stephanoccenia     fairbanksi 

Vaughan. 
Stephanoccenia     fairbanksi 

var.  columnaris  Vaughan. 


Revised  name. 
Mseandra  bowerai  Vaughan. 

Dichocoenia     merriami 

(Vaughan). 
Solenastrea    fairbanksi 

(Vaughan). 
Siderastrea   californica 

Vaughan. 
Solenastrea   fairbanksi 

(Vaughan). 
Solenastrea  fairbanksi  var. 

columnaris  (Vaughan). 


some  of  the  photographs.  The  illustratioDS 
showing  the  geologic  conditions  under  which 
the  fossil  corals  occur  are  reproductions  of 
photographs  taken  by  Mr.  Mendenhall,  and 
I  am  making  extensive  quotations  from  his 
article  entitled  ''Notes  on  the  geology  of 
Carrizo  Mountain  and  vicinity,  San  Diego 
County,  Cal."  * 

GEOGRAPHIC  RELATIONS. 

The  accompanying  sketch  map  (fig.  43)  is 
taken  from  the  article  by  Mr.  Mendenhall,  who 


FiouBX  43.— Sketch  map  of  Coyote  Mountain,  Gal.,  and  vicfaiity,  showing  localities  in  Alvtfson  and  Barrett  canyons  where  foesil  corals  were 

collected.    (After  ICendenhall.) 


Messrs.  Mendenhall  and  Bowers  shipped  to 
Washington  over  400  specimens  of  corals,  and 
it  is  on  this  large  collection  that  the  present 
paper  is  mostly  based.  AU  the  photographs  of 
corals  herein  illustrated  were  made  by  Mr.  W. 
O.  Hazard,  except  those  for  Plate  XCIX,  which 
were  contributed  by  Dr.  Charles  Gravier,  of 
Paris.    Miss   Frances   Wieser   has   retouched 


gives  the  following  graphic  description  of  the 
general  geographic  relations: 

Black  and  Carrizo  mountains,  known  also  as  Fish  Creek 
and  Coyote  mountains,  are  eastern  outliers  of  the  Peninsula 
Range  that  separatee  the  depression  occupied  in  part  by 
the  Gulf  of  California  from  the  Pacific  Ocean.  They  are 
in  southeastern  California  near  the  western  edge  of  the 

1  Jour.  Geology,  yol.  IS,  pp.  336-366, 1910. 
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Alluvium 


Colorado  Desert  and  from  15  to  30  miles  north  of  the  inter- 
national boundary.  East  of  them  the  Colorado  Desert, 
much  of  it  below  sea  level,  extends  to  the  Colorado  River, 
while  to  the  west  low  ridges  extend  to  the  base  of  the  main 
Peninsula  Range. 

The  two  masses  are  separated  by  the  valley  of  Carrizo 
Creek.  This  stream  rises  in  Mexico,  flows  north  for  several 
miles,  through  a  high  valley  in  the  Peninsular  Mountains, 
then  descends  to  the  desert  level  through  a  precipitous 
canyon.  Nearly  all  of  that  part  of  its  channel  that  lies 
within  the  desert  is  dry  except  during  rare  flood  periods, 
when  its  waters  join  those  of  San  Felipe  Creek,  north  of 
Black  Moimtain,  and  eventually  reach  the  Salton  depres- 
sion. At  Carrizo  Station,  one  of  the  relief  stations  of  the 
old  Butterfield  stage  line,  a  series  of  springs  rise,  and  for  1 
to  2  miles  below  this  point  flowing  water  is  fotmd  in  the 
creek  bed  except  during  the  hottest  period  of  summer. 

The  desert  floor  at  the  eastern  base  of  the  peaks  is  gen- 
erally from  100  to  200  feet  above  sea  level,  but  on  the  north 
side  of  Black  Mountain  the  sea-level  contour  and  the  old 
beach  of  Lake  Cahuilla,  40  feet  above  sea  level,  swing 
in  against  the  mountain  base.  In  the  past  the  region 
has  been  rather  difficult  of  access 
because  of  its  remoteness  from 
settlements  and  its  aridity.  With 
the  colonization  of  the  Imperial 
Valley  since  1900  and  the  building 
of  the  branch  railroad  from  Old 
Beach  to  Calexico,  however,  this 
condition  has  been  greatly  modified . 
Now  Carrizo  Station  or  Coyote 
Well  may  be  reached  by  one  day's 
drive  from  Imperial  or  £1  Centro, 
and  supplies  are  readily  secured  at 
many  points  in  the  valley.  The 
old  roads  from  the  desert  to  San  Diego,  the  one  running 
north  of  Carrizo  Moimtain  by  way  of  Julian  and  the  other 
south  of  the  mountain  by  way  of  Jacimiba  and  Campo, 
are  still  much  used  for  direct  communication  between 
the  Imperial  Valley  and  the  coast,  although  the  Campo 
road  below  Mountain  Springs  is  rough  and  after  storms  is 
nearly  impassable. 

GEOLOGIC  RELATIONa 

The  foUowing  is  Mendenhall's  account  of  the 

broader  geologic  relations  within  the  area: 

Carrizo  [Coyote]  and  Black  [Fish  Creek]  mountains  are 
islands  of  granitic  and  metamorphic  rocks  which  rise 
through  encircling  terranes  of  later  sediments  and  vol- 
canics.  These  later  beds  are  Miocene  and  yoimger,  and 
the  unconformity  which  exists  between  them  and  the  older 
rocks  upon  which  they  lie  is  profound.  The  time  interval 
represented  by  this  unconformity  is  not  known,  because 
the  age  of  the  altered  rocks  below  it  is  a  matter  of  uncer- 
tainty. Fairbanks  ^  expresses  the  opinion  that  they  are 
Carboniferous  or  older,  the  opinion  being  based  presuma- 
bly upon  their  general  resemblance  to  upper  Paleozoic 
Yiocks  in  other  parts  of  California  and  upon  the  aspect  of 
jpome  shells  found  in  a  float  piece  of  siliceous  limestone. 
Accepting  this  determination  as  the  best  possible  in  the 
state  of  our  knowledge,  we  must  conclude  that  the  Triassic, 
Jurassic,  and  Cretaceous  systems  are  without  depositional 

1  Fairbanks,  H.  W.,  California  State  MiOKBlogist  Eleventh  Kept., 
pp.  88-90, 18B3. 


representatives  in  this  region.  Either  the  Carrizo  and 
Black  Mountain  areas  were  land  masses  subject  to  erosion 
during  this  interval  or  the  evidence  of  such  periods  of 
deposition  as  intervened  was  later  removed  by  erosional 
proceBses. 

The  Miocene  seems  to  have  been  inaugurated  by  vol- 
canic activity.  On  the  southern  slopes  of  both  Carrizo  and 
Black  Mountains  are  bedded  tuffs,  volcanic  conglomerates, 
and  less  extensive  masses  of  dark  lavas  of  andesitic  aspect. 
On  Black  Mountain  there  are  distinct  sandstones  ihter- 
bedded  with  these  and  directly  upon  them  lie  the  Miocene 
coral  reefs.  In  Alverson  Canyon,  which  drains  south  from 
Carrizo  Mountain,  red  vesicular  lavas  are  succeeded  by 
green  and  lavender  sandstones  and  conglomerates,  whose 
constituent  materials  are  volcanic,  and  these  in  turn  grade 
into  conglomerates  with  a  diminishing  proportion  of  vol- 
canic pebbles.  Above  them  are  quartz  conglomerates, 
tawny  sandstones,  and  finally  soft  greenish-yellow  clay 
shales. 

An  unconformity  which  is  not  especially  conspicuous 
exists  in  the  Miocene  between  the  sandy  shell-bearing 
beds,  100  feet  or  less  in  thickness,  which  immediately  over- 
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Limestone  wlt^ 
intruaive  ^nites. 


FiQVBi  44.— Diagrammatic  section  across  Coyote  Mountain,  Cal.,  by  way  of  Alvereon  and  Garnet 

canyons.    (Aftw  Kendenball.) 

lie  the  volcanics  or  the  metamorphics,  and  the  great  mass 
of  shales,  greenish  or  yellowish  at  base,  pink  or  pale  red  in 
general  color  tone  toward  the  top,  which  form  the  badland 
area  that  is  especially  well  developed  between  Black  and 
Carrizo  mountains.  Finally,  across  the  planed  edges  of 
these  shale  beds,  a  sheet  of  river  cobbles,  well  rounded,  has 
been  distributed  unconformably  throughout  the  Carrizo 
Valley.  They  are  probably  Pleistocene  but  are  earlier 
than  the  silts,  sands,  and  gravels,  which  represent  the  off- 
shore and  beach  deposits  of  the  lake  which  imtil  recently 
has  occupied  the  Colorado  Desert.  The  latest  erosion  has 
left  these  old  stream  deposits  stranded  upon  the  renmants 
of  the  earlier  valley  floor  at  heights  of  from  100  to  200  feet 
above  the  present  bed  of  Carrizo  Creek. 

Figures  44  and  45  are  copied  from  Menden- 
hall's paper,  and  the  accompanying  sketch 
geologic  map  (fig.  46)  is  taken  from  a  paper  by 
Kew.'  It  should  be  noted  that  the  name  Car- 
rizo sandstone,  shown  on  this  map,  has  been 
in  use  since  1889  for  a  geologic  formation  of 
Eocene  age  exposed  along  and  near  the  Rio 
Grande  in  Texas,  and  since  1891  for  an  Algon- 
kian(  ?)  formation  in  western  Texas.  The  name 
therefore  can  not  be  properly  applied  to  these 
California  deposits. 

>  Kew,  W.  8.  W.,  Tertiary  echinoida  of  the  Carrko  Creek  regkm,  in  the 
Colondo  Deeert:  California  Univ.  Dept.  Geology  Bu1L,toL  8,  p.  41, 1015. 
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GEOLOGIC  mSTOBY. 

The  following  outUne  of  the  geol<^c  history 
of  the  area  is  also  taken  from  the  article  by 
Mendenhall: 

The  alory  of  the  development  of  this  part  of  the  country 
can  not  bo  read  with  any  approach  to  accuracy  as  yet  for 
any  period  beyond  the  Miocene.  The  rocks  which  rep- 
lesent  earlier  time  are  marroarized  limestones,  achiale, 
and  gneiflaee,  as  to  whose  age  there  is  much  doubt.  The 
alight  existing  evidence  points  toward  the  CarboniferouB 
as  the  period  during  which  the  limestones  were  deposited 
here.  Whatever  their  age,  their  condition  now  indicates 
that  their  history  previous  to  the  Miocene  was  one  in- 
volving deep  burial  and  intense  earth  strain.  They  were 
nptumed,  intruded,  and  crystallized,  uplifted  and  eroded 


into  a  mountainous  topography,  and  at  the  beginning  of 
the  late  Miocene  formed  islands  in  a  aea  teeming  with  life. 
Volcanic  forces  were  active  at  this  time,  and  the  flanks  of 
the  old  land  mass  are  partly  buried  under  the  effusive 
material  which  issued  then,  and  the  muds  and  the  littoral 
whose  fragments  were  supplied  from  volcanic  sources  are 
conspicuous  at  many  points.  But  as  the  period  advanced 
volcanism  ceased,  and  the  present  Carrizo  and  Black 
mountains  were  surrounded  and  perhaps  for  a  part  of  the 
time  were  submerged  beneath  a  clear  sea  in  which  the 
myriad  forms  of  the  life  of  tiie  period  swarmed.  Still 
later  in  the  Miocene  the  character  of  the  sea  changed. 
Instead  of  clear,  salt  water,  some  realignment  of  forces 
caused  great  quantities  of  muddy,  bmckish  water  to  spread 
about  the  old  islands.  Oysters  of  many  forms,  some  of 
them  of  great  size,  some  very  tiny  indeed,  flourished. 
The  heavy  silts  of  these  muddy  waters  accumulated  to 


great  depths  as  the  land  subsided.  Finally  the  waters 
withdrew,  presumably  because  of  reelevation,  and  the 
region  was  land  again  as  it  had  been  before,  and  the  shells 
of  many  of  the  creature  which  had  lived  in  the  clear  and 
then  in  the  muddy  waters  were  preeerved  in  the  accumu- 
lated sediments.  As  the  sea  withdrew  the  destructive 
forces  of  weathering  and  the  erosive  forces  of  wind  and 
running  water  became  active.  The  clays  which  had  accu- 
mulated were  now  dry  and  were  cut  away  again  by  these 
forces.  The  process  was  not  long  continued  and  the  plain 
was  not  completed,  those  clay  areas  which  were  capped 
by  protecting  sandstones  remaining  as  monadnocks  above 
the  wide  valley  floor.  This  valley,  occupied  by  an  earlier 
vigorous  ancestor  of  Carrizo  Creek,  was  strewn  with 
rounded  river  cobbles  brought  from  the  higher  mountains 
to  the  west.  South  and  east  of  Carrizo  Mountain  large 
areas  seem  to  have  been  reduced  at  this  period  well  toward 
the  condition  of  a  peneplain.  This  plain  lies  perhaps  200 
feet  above  the  later  Pleistocene  lake  level,  with  which  it 
seems  to  have  no  connection.  It  is  regarded  as  an  earlier 
independent  feature,  peihaps  Pliocene  in  age. 

After  the  formation  of  this  partially  planed  surface  over 
the  soft  tocks  of  Carrizo  Valley  some  change,  either  in  the 
relations  of  land  and  sea  or  of  climatic  conditions,  enabled 
the  streams  to  dissect  it  again.  The  result  of  this  dissec- 
tion, which  may  well  have  been  contemporaneous  with 
the  last  occupancy  of  the  Colorado  Desert  by  the  Qulf  of 
California,  is  seen  in  the  Carrizo  Creek  badlands  of  to-day. 

The  last  important  element  in  the  development  of  the 
geography  of  this  part  of  the  desert  was  the  formation  and 
the  disappearance  of  the  desert  lake.  So  late  is  it  that  the 
calcium  carbonate  incrustations  which  it  left  on  its  west- 
ern shore  show  but  little  eSect  of  erosive  or  solvent  action 
since  the  waters  left  them,  and  the  sandy  beach,  molded 
by  the  waves  of  the  lake  upon  the  alluvial  fans  which 
formed  a  large  part  of  its  shores,  is  still  well  enough  pre- 
served to  be  readily  traced.  Only  the  most  modem 
gullies  have  cut  it  away.  At  one  point  a  low  sea  fl'ff 
notched  by  the  waves  in  steep  alluvial-fao  material  still 
stands,  as  perfectly  preeerved  as  though  the  waters  had 
just  withdrawn. 

THB  CORALUFEBOUS  BEDS. 

The  fossil  corala  occur  in  that  part  of  the 
columnar  geologic  section  designated  "Miocene 
conglomerates, "  by  Mendenhall.  The  follow- 
ing is  his  description  of  these  beds: 

In  the  lower  part  of  Alverson  Canyon  a  heavy  coagliOD- 
erate  bed  120  to  130  feet  thick  overlies  a  series  of  tuffaceous 
strata.  This  bed  is  composed  of  coarse  material  at  the 
base  but  becomes  finer  at  the  top.  It  is  only  moderately 
hard,  and  along  its  upper  margin  is  an  abundantly  fos- 
siliferous  horizon.  Splendid  coral  heads  are  embedded  in 
these  sandstones,  and  more  delicate  forms  are  found  at 
the  base  of  the  superjacent  sandy  shales.  These  coials 
with  the  molluscau  remains  that  accompany  them,  aU  of 
which  await  detailed  examination  and  determination, 
prove  the  age  of  the  inclosing  rocks  to  be  upper  Miocene. 
[See  PI.  XCII.] 

On  the  north  slope  of  Coirizo  [Coyote]  Mountain,  about 
the  head  of  the  easternmost  arroyos  which  are  tributary 
to  Garnet  Canyon,  another  series  of  fragments  of  a  well- 
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A.    VIEW    LOOKING    DOWN    ALVERSON    CANYON    FROM    A    POINT    NEAR    ITS    HEAD. 
Coyote  Wells  Valley  in  the  middle  distance.      Fossil  corals  and  mollusks  are  found  all  along  the  canyon  ii 


R    VIEW    LOOKING    N.    35" 

Thefossiliferous  Pliocene  beds  through  which  the  shallow  canyon  is  cut  are  shown  in  the  middle  ground. 

Views  OF  Alverson  Canyon.   Imperial  County.  Cal. 

Photographs  and  explanations  by  W.  C,  Mendenhall, 
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developed  baaal  conglomemM  we  encountered.  They 
extend  well  up  the  slopee  of  the  older  metamoriduc  Tocka 
which  form  the  Axis  of  the  mountain  and  dip  away  from 
it  toward  the  north  or  northeast  at  the  rate  of  20°  or  30°. 
Being  more  reaistaut  to  weathering  agenciee  than  the  soft 
overlying  shales,  these  have  been  stripped  from  the  sand- 


spread  out  over  the  sandstones  were  deposited  directly 
upon  the  metomori^c  rocks  that  form  the  core  of  the 
mountain  and  must  at  one  time  have  formed  the  bottom 
and  shoree  of  the  Utocene  aea.  The  simpleet  interpretH' 
tion  of  this  relation  ie  to  suppose  that  before  that  change 
of  conditions  was  complete  which  substituted  muddy 


FiaiJXE  M.— O«oloclcalntch  m 

tba  iMloglo  lonnatlDna.    Ar 
(AIMr  Knr.) 

stones  at  many  pointa  so  that  the  old  Miocene  beach,  ita 
aands  indurated  and  its  teeming  life  preserved  only  in 
foaail  form  but  yet  exhibiting  much  the  aapect  and  much 
the  same  relations  which  existed  at  the  time  of  ita  deposi- 
tion, ia  revealed  for  the  modern  student's  inspection. 
These  basal  sands  are  not  alwaya  found  where  their  horizon 
is  expoeed.    In  many  places  the  fine  claya  that  were 


brackiah  water  with  oyster  colonies  for  clear  eca  water 
and  marine  life,  the  aands  of  the  earlier  beach  had  been 
swept  away,  so  that  there  is  unconformity,  without  dia- 
cordance,  or  at  least  without  marked  diacordance  in  dips, 
and  without  a  great  time  interval  between  the  depoaition 
of  the  sands  and  the  deposition  of  the  muds.  The  other 
hypothesis,  namely,  that  these  beach  sanda  and  the  muda 
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were  deposited  contemporaneouflly,  because  of  difFering 
local  conditions,  is  made  difficult  to  apply  because  the 
two  physically  different  terranes  overlie  the  basement 
rocks  at  very  closely  adjacent  points,  with  no  obvious 
explanation  as  to  why  such  different  conditions  should 
have  prevailed  so  near  together. 

The  heavy  sandstones  occur  at  a  number  of  places 
along  the  north  slope  of  Carrizo  Mountain,  east  of  the  head 
of  Garnet  Canyon.  Many  arroyos  are  incised  in  them, 
the  stream  channel  in  some  cases  being  a  mere  notch 
but  a  few  feet  wide  and  100  or  more  deep.  Fossils,  how- 
ever, have  not  been  reported  in  numbers  except  at  the 
head  of  Garnet  Canyon. 

At  the  head  of  Barrett  Canyon,  which  drains  south 
^m  Black  Mountain,  the  same  general  relations  prevail 
that  have  been  described  in  the  area  a  dozen  miles  to  the 
south,  on  the  slopes  of  Canizo  Mountain.  But  the  frag^ 
ments  of  the  baaal  beds  of  the  Miocene  are  even  more 
widely  scattered,  and  the  sandstones  and  conglomerates 
are  not  so  fully  developed. 

About  4}  miles  above  the  mouth  and  one-half  mile  above 
the  forks  of  the  arroyo  the  basal  beds  of  the  Miocene  flank 
the  older  rocks  and  extend  across  the  valley  from  the 
west  fork  to  the  east  fork.  Dips  here  are  20^-40^  S.— that 
IS,  away  from  the  mountain.  The  beds  are  not  so  thick 
as  on  Canizo  Mountain  but  are  succeeded,  as  is  the  case 
there,  by  soft  yellow  shales. 

About  a  mile  above  this  point,  in  a  little  cove  at  the 
head  of  a  small  western  tributary  of  Barrett  Creek,  other 
outcrops  of  basal  sandstone  and  conglomerate,  not  more 
than  10  feet  thick,  occur  with  the  underlying  igneous 
rocks  all  about  them.  Near  this  outcrop  is  a  fossil  coral 
reef  lying  upon  the  lavas  and  isolated  from  all  the  other 
sedimentaries.  A  half  mile  farther  north  a  sheet  of 
sandstone,  folded  into  a  basin  and  thus  somewhat  pro- 
tected from  erosion,  still  exists.  Doubtless  many  other 
similar  fragmental  exposures  would  be  revealed  by  more 
extended  search.    [See  PI.  XCIII.] 

The  collections  of  fossil  corals  were  obtained 
from  localities  numbered  164  and  167,  respec- 
tively, by  Messrs.  Mendenhall  and  Bowers. 
The  positions  of  these  localities  are  platted  on 
the  map  (fig.  43,  p.  356) .  MendenhaU  describes 
them  as  foUows: 

Nos.  164  and  166  are  from  Alverson  Canyon  and  the  head 
of  Garnet  Canyon  on  the  south  and  north  slopes,  respec- 
tively, of  Cairizo  [Coyote]  Mountain.  The  horisons  are 
identical,  being  in  each  case  the  sandstones  which  form  the 
upper  part  of  the  arenaceous  series  at  the  base  of  the 
Miocene.  These  are  the  most  conspicuous  fossil  localities 
in  the  region.  The  shells  or  their  casts  have  weathered 
out  and  strew  the  slopes  in  great  profusion.  Corals, 
echinoids,  Ostrea,  pectens,  Stnxnbus,  and  Malea  are  every- 
where. The  matrix,  however,  is  coarse  and  only  large  and 
robust  types  are  well  preserved.  The  locality  has  been 
noted  by  prospectors  generally  because  the  occurrences  are 
so  conspicuous.    [Views  shown  on  PI.  XCII.] 

No.  167 .  This  collection  consists  of  corals  almost  entirely . 
The  fossil  reef  la  near  the  head  of  Barrett  Canyon  and  lies 
directly  upon  the  igneous  rocks  which  served  as  a  base- 


ment for  Miocene  sedimentation  at  this  point.  Whatever 
later  beds  may  have  originally  covered  it  have  been 
stripped  away,  so  that  the  old  reef  is  now  isolated .  [View 
shown  on  PI.  XCIII .]  There  can  be  little  doubt,  however, 
that  its  position  is  at  the  base  of  the  Miocene  series  and 
substantially  equivalent  to  that  of  Nos.  164  and  166. 

No.  164  of  Mendenhall  and  Bowers  is  entered 
in  the  United  States  Geological  Survey  register 
of  localities  at  which  Cenozoic  invertebrates 
have  been  collected  as  No.  3923;  and  No.  167 
is  entered  there  as  No.  7616. 

The  observations  recorded  in  preceding  para- 
graphs  show  that  the  reef  corals  grew  up  un- 
conformably  on  a  basement  during  a  period  of 
submergence  that  followed  a  period  when  the 
basement  stood  above  sea  level.  These  rela- 
tions of  vigorous  coral  growth  to  change  of 
sea  level  have  been  found  to  prevail  in  so 
many  areas  where  reef  corals  thrive  that  they 
appear  to  be  general.^  The  deposits  in  which 
the  corals  are  embedded  are  lai^ly  arenaceousi 
and  the  reefs  ultimately  were  probably  killed 
by  burial  beneath  sediment,  as  suggested  by 
Mendenhall.  At  the  time  the  reefs  flourished 
there  was,  of  course,  shallow  water  in  the  area 
where  their  remains  are  now  found,  and  the 
temperature  probably  averaged  about  21®  C. 
(70®  F.)  during  the  coldest  months  of  the  year.' 

SIGNIFICANCE  OF  THE  CORAL  FAUNA. 

QXNBRIG    AFFmnXS   OF    THE    FAUNA    OF 

CABBIZO   CBBBK. 

The  discussion  of  this  faima  may  be  best  in- 
troduced by  placing  in  parallel  columns  the 
names  of  the  genera  represented  on  Carrizo 
Creek,  those  of  the  shoal-water  corals  known  to 
occur  along  the  west  coast  of  Central  America 
from  the  Gulf  of  California  to  the  Bay  of 
Panama,  and  those  of  the  genera  found  living 
in  shoal  water  in  the  floridian,  Antillean,  and 
eastern  Central  American  region.  The  data  for 
the  column  headed  ^'Guaymas  to  Panama"  are 
taken  from  a  paper  by  Verrill.* 

1  See  Vsoglianp  T.  W.,  Scioioe,  new  ser.,  yoL  41,  pp.  608»  609,  Apr.  3, 
1915;  0«ol.  8oo.  Anurlca  BnlL,  toL  26,  p.  58, 1915;  Vangbaii,  T.  W.,  aiid 
Shaw,  E.  W.,  Camegie  Inst  Wnwhlngtom  Yearbook  No.  14,  pp.  837, 
238, 1916. 

s  For  reont  dJaconions  of  the  eoologlo  oooditkiDa  neoeaary  for  tlM 
formation  of  coral  reefs,  see  Vau^um,  T.  W.,  Physical  conditions  OMter 
whkfa  Paleoiolc  coral  reefs  were  formed:  GeoL  Soe.  America  BuH.,  toI* 
22,  pp.  238-252, 1911;  ReaoHsof  faxreeUsationaoftheeeolosyoftfaeFkri- 
dian  and  Bahaman  shoal-water  coralK  Nat.  Acad.  Set  ProcToL  2, 
pp.  95-100,  1916;  Temperature  of  the  Florida  coral^eef  traot:  CunmgfB 
Inst  WasUngton  Pub.  213, 1917. 

>  Verrffl,  A.  E.,  On  the  eeogr^dilcal  dJstrfbation  of  the  polyps  of  the 
west  coast  of  America:  Comnetioat  Acad.  Arts  and  BcL  Tiana.,  toL  1» 
pp.  562, 563,1870. 
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A.    THE    BARRETT    CANYON    FOSSIL    CORAL    REEF. 


R    VIEW   OF   FOSSIL   CORAL   LOCALITY   NEAR    HEAD   OF   BARRETT   CANYON. 

The  basal  beds  of  the  Pliocene  sandstones  overlie  effusive  rocks  and  dip  to  the  right  in  the  foreground  of  tho 

view.     The  coral  reef  lies  imniediately  upori  the  effusive  rocks.     Coyote  Mountain  in  the  background. 

Views  of  Barrett  Canyon.   Imperial  County.  Cal, 

photographs  and  explanations  by  W.  C.  Mendenhall. 
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Coral  genera  repruenUd  at  Carrvto  Creek^  Cat.,  and  on  the 
west  and  east  sides  of  Central  America. 


Genus. 


Paracyathufi 

Pocillopora 

MadraciB 

Oculina 

StephanocGenia 

Euflmilia 

Dichocoenia 

Meandrina 

Dendro^yra 

Astrangia 

Fhyllangia 

Ulangia 

Gladocora 

Orbicella 

Solenastrea 

Favia 

Mfleandra 

Manicina 

Muflsa  s.  8 

Mufl8a(l8ophyllia). . . 
Muflsa  (Acanthastrea). 

Mycetophyllia 

Fun^a 

Agancia 

Pavona 

Stephanaria 

Siderastrea 

Dendrophyllia 

ABtropeammia 

Rhizopsammia 

Acroi^ra 

Montipora 

Pontes 


Total  (33  genera). 


Canizo 
Creek. 


X 
X 


X 
X 


X 


6 


Guaymas 

to 
Panama. 


X 
X 


X 
X 
X 


X 
X 


X 
X 
X 


X 
X 


13 


Caribbean 
and  Mex- 
ican Gulf 
region. 


X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 

"x 


24 


Six  genera,  are  included  in  the  fauna  of 
Carrizo  Creek,  only  one  of  which  (Porites)  is 
at  present  known  to  occur  on  the  west  coast 
of  America,  though  all  six  are  found  in  the 
Gulf  of  Mexico  and  the  Caribbean  Sea.  Of 
13  shoal-water  genera  at  present  represented 
by  species  on  the  west  coast  of  Central 
America,  only  4  are  represented  on  the  east 
coast.  One  of  the  remaining  9  genera  (Den- 
drophyllia)  is  foimd  in  the  western  Atlantic 
in  water  over  50  fathoms  deep,  but  any  simi- 
larity suggested  by  its  presence  may  be  offset 
by  the  fact  that  it  is  essentially  worldwide  in 
distribution.  The  genus  Endopachys  occurs  in 
water  39  fathoms  deep  in  the  Gulf  of  California 
but  is  unknown  in  the  West  Indian  and 
Floridian  area.  The  table  lists  24  West  Indian 
genera,  4  of  which  also  occur  on  the  west  side 
of  Central  America.  The  number  24  might  be 
somewhat  increased,  as  Verrill  has  described 


a  species  of  Cyphastrea  from  the  Bahamas,^ 
\mder  the  name  Cyphastrea  nodvlosa,  and  I  have 
in  my  possession  an  undescribed  species  of 
Oulophyllia  from  the  Bahamas,  sent  to  me  by 
Miss  A.  M.  Boynton,  of  Nassau.  The  Oulo- 
phyllia is  strikingly  similar  to  0.  bonhourei 
Gravier,'  from  French  Somaliland.  Both 
Cyphastrea  and  Oulophyllia  are  widely  dis- 
tributed in  the  Indo-Pacific,  but  they  are  not 
known  to  occur  along  the  Pacific  coast  of 
Central  America.  Two  West  Indian  shoal- 
water  genera,  Oculina  and  Cladocora,  occur  in 
deeper  water  off  the  Pacific  coast. 

Tlie  table  shows  the  marked  difference  be- 
tween the  coral  fatmas  on  the  two  sides  of 
Central  America  and  indicates  that  the  affini- 
ties of  the  fauna  of  Carrizo  Creek  are  with  the 
fauna  of  the  Mexican  Gulf  and  Caribbean  area. 
Have  the  faunas  on  the  two  sides  of  Central 
America  always  been  so  distinct)  An  attempt 
is  made  to  answer  this  question  in  the  follow- 
ing discussion. 

aSOLOOIC  HISTOBT  OF  THE  COSAL  FAUNAS  OF 
THX  SOITTHXASTERK  UNITED  STATES  AND 
THE  WEST  INDIES. 

EOCENE  AND  LOWEB  OLIOOCBNB   FAUNAS. 

The  data  presented  in  the  following  table 
are  largely  taken  from  my  monograph  on  the 
Eocene  and  lower  Oligocene  coral  faunas  of 
the  United  States,'  revised  so  as  to  represent 
the  present  stage  of  knowledge. 

Geographic  distribiuion  of  Recent  genera  of  corals  found  also 
in  the  Eocene  and  lower  Oligocene  deposits  of  the  southern 
United  States. 


Flabellum 

Sphenotrochus 

Platytrochufl. . 

TurbinoUa 

TrochocyathuB 

Paracyathus. . . 


Caryophyllia. . 


Distribution. 


Almost  universal. 

Mediterranean  Sea  and  North  Africa, 
coast  of  Brazil,  European  coasts  of 
north  Atlantic  Ocean,  South  Aus- 
tralian coast. 

Australian  seas  (?). 

Caribbean  Sea,  Indo-Pacific. 

West  Indies,  South  American  seas, 
Indo-Pacific. 

Mediterranean  Sea,  Caribbean  Sea, 
north  Atlantic  Ocean.  Indian  Ocean, 
Pacific  Ocean,  California  (Pearl  Is- 
lands). 

Littoral  and  deep  sea,  very  general. 


1  VerrlD,  A.  E.,  Coimeeticat  Acad.  Arts  and  SoL  Trans.,  yoL  11,  p.  107, 
pi.  31,  figs.  2, 2a,  2b,  1902. 

*  Qnvier,  Charles,  Inst,  ootenogr.  Annalss,  faso.  3,  p.  49,  pi.  4,  flgB.  25, 
26;  pi.  6,  figs.  27, 18, 1911. 

s  U.  S.  QmL  Survey  lion.  30,  pp.  33, 34, 1900. 
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Geognpkie  distribuHon  of  Recent  genera  of  corah  found  cdao 
in  the  Eocene  and  lower  Oligocene  depoeite  of  the  eouthem 
United  States — Continued. 


Genus. 


Distribution. 


Oculina 

Mikdrepora 

Stylophora 

Madiacis 

Paraamilia 

Astrangia 

Dichocoenia 

Siderastrea 

Balanophyllia . . 

Eupaammia 

-  Endopachys 

DendrophylUa. : 

Goniopora 


Florida,  Caribbean  Sea,  Bennudas, 
Indian  Ocean,  Pacific  Ocean. 

Atlantic  Ocean,  Caribbean  Sea,  Medi- 
terranean Sea,  Indo-Pacific. 

Red  Sea,  Indo-Pacific. 

Madeira,  Florida,  Caribbean  Sea,  Bra- 
zil, Adriatic  Sea,  Indo-Pacific. 

Caribbean  Sea,  Philippines. 

Florida,  Central  America,  East  Indies, 
Panama  Ba^r,  east  and  west  coasts  of 
North  America,  Strait  of  Magellan. 

West  Indies. 

Caribbean  Sea,  islands  off  west  coast  of 
Africa,  Indo-Pacific. 

Caribbean  Sea,  Mediterranean  Sea, 
English  Channel,  St.  Helena,  Madeira, 
California,  Indo-Pacific. 

Chinese  seas. 

West  coast  of  America,  Pacific. 

Caribbean  Sea,  .Atlantic  Ocean,  Cape 
Verde,  Madeira,  Mediterranean  Sea, 
Bay  of  Panama,  California,  Indo- 
Padfic. 

Indo-Pacific. 


The  foregoing  table  shows  that  in  their 
generic  relations  the  Eocene  and  lower  Oligo- 
cene corals  of  the  southeastern  United  States 
are  about  equally  divided  between  the  Atlantic 
and  the  Indo-Pacific  regions.  There  is  a  great 
resemblance  between  the  species  of  Paracya- 
thuSy  Balanophyllia,  and  Siderastrea  now  found 
in  the  West  Indian  region  and  the  Eocene 
species  of  the  same  genera;  but  Platytrochus, 
Stylophora,  Eupsammia,  Endopachys,  and  (Go- 
niopora are  not  represented  by  known  species 
from  the  Atlantic  Ocean. 

The  difference  between  the  Eocene  faunas 
of  the  southern  United  States  and  the  Eocene 
fauna  of  the  West  Indies  is  striking,  as  no 
known  species  is  common  to  the  two  regions. 
The  difference  is  probably  due  to  two  causes. 
One  is  climatic;  the  area  in  the  United  States 
lay  so  far  north  that  except  during  early  Mid- 
way and  Vicksburg  time  it  was  not  within  the 
zone  of  truly  tropical  conditions.  Dming 
Wilcox  and  Claiborne  time  and  the  earlier  part 
of  Jackson  time  the  sea  was  warm-temperate 
but  not  actually  tropical.  For  this  reason 
reef  corals  did  not  abound  in  the  southern 
United  States  during  the  Eocene  epoch  except 
in  early  Midway  time.  In  the  Jackson  epoch 
there  was  a  gradual  recurrence  of  tropical  con- 
ditions and  during  lower  Oligocene  time  a 
well-developed  coral  reef,  composed  of  species 


of  Stylophora  and  Goniopora  was  formed  at 
Salt  Mountain,  Ala.  The  other  cause  of  f aunal 
difference  lies  in  the  difference  in  stratigraphic 
history,  as  the  known  Eocene  deposits  of  the 
West  Indies  include  representatives  of  only  the 
upper  groups  of  the  series.  Because  according 
to  present  knowledge  the  Antilles  contain  no 
Eocene  deposits  stratigraphically  corresponding 
to  the  Midway,  Wilcox,  and  probably  Claiborne 
groups  of  the  United  States,  they  are  supposed 
to  have  stood  above  sea  level  during  the  period 
of  deposition  of  these  groups. . 

Ttere  is  a  fairly  rich  Eocene  coral  fauna  on 
the  Island  of  St.  Bartholomew  and  a  scantier 
fauna  is  known  from  Jamaica.  The  principal 
literature  on  these  faunas  is. cited  below.^ 

The  determination  of  the  Eocene  age  of  the 
St.  Bartholomew  coralliferdus  deposits  is  based 
on  evidence  of  several  kinds.  A  part  of  the 
evidence  consists  in  iay.  discovery  in  associa- 
tion with  the  coral  fauna  of  a  stellate  orbitoidal 
foraminifer,  closely  resembling  in  general 
aspect  a  species  I  found  in  1900  on  Flint 
River  near  Bainbridge,  Ga.  Dr.  Joseph  A. 
Cushman  has  studied  both  the  St.  Bartholomew 
and  the  Flint  River  specimens  and  informs  me 
that  they  belong  to  the  genus  Orthophrag- 
mina,  which  is  considered  to  indicate  positively 
an  Eocene  age. 

In  1904  Prof.  A.  G.  HogbOm,  of  the  Uni- 
versity of  Upsala,  sent  to  me  for  study  the 
entire  collection  obtained  on  St.  Bartholomew 
by  Prof.  Cleve,'  and  during  February,  1914,  I 
spent  eight  days  studying  and  collecting  on  the 
island.'  The  following  list  of  genera  is  based 
upon  both  these  collections,  and  I  have  added 
the  names  of  four  genera  represented  in  Jamaica 
(the  names  followed  by  '^  J"  in  the  table)  but 
not  known  in  St.  Bartholomew. 

I  Cleve,  P.  T.,  On  the  geology  of  the  northeastern  West  India  lalands: 
K.  svenska  Vet.-Akad.  Handl.,  vol.  9,  No.  12,  p.  34, 1872. 

Hill,  R.  T.,  The  geology  and  physical  geography  of  Jamaica:  Harvird 
Coll.  Mus.  Comp.  Zool.  Bull.,  vol.  34,  pp.  133-137, 1879. 

Vaoghan,  T.  W.,  Some  Cretaceous  and  Eocene  corals  (ram  Jamaftsa: 
Harvard  CoU.  Mus.  Comp.  Zool.  Bull.,  vol.  34,  pp.  227-256,  pis.  36-41, 1899; 
Study  of  the  stratigraphic  geology  *  *  *  of  the  smaller  West  Indian 
islands:  Carnegie  Inst.  WasUngton  Yearbook  No.  13,  pp.  358-360,  1915; 
(Present  status  of  the  geotogic  correlation  of  the  Cretaceous  and  Tertiary  for^ 
mations  of  the  Antilles]:  Washington  Acad.  Sci.  Jour.,  vol.  5,  p.  489, 1915; 
Study  of  the  stratigraphic  geology  *  *  *  of  the  smalkr  West  Indiaa 
Islands:  Carnegie  Inst.  Washington  Yearbook  No.  14,  pp.  36»-373, 1916. 

*  P.  M .  Duncan's  report  on  this  collection  was  published  in  London  OeoL 
Soc.  Quart.  Jour.,  vol.  39,  pp.  548-^565,  pis.  19-22, 1873. 

I A  minor  grant  from  the  Carnegie  Institution  of  Washington  enabled 
me  to  do  geologic  field  work  and  make  extensive  collections  in  Antigua 
St.  Bartholomew,  and  Anguilla  during  February  and  liarch,  1914.  The 
discussion  of  the  fossO  corals  of  these  islands  herein  presented  is  based 
largely  on  the  collections  made  at  that  time. 
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CoraU  in  the  upper  Eocene  of  St.  Bartholomew  and  Jamaica. 


Genus. 


®Placotrochufl 

^Asteroemilia 

^rocho€milia 

®8tylophora 

^Astrocoenia 

»AnUma 

*»Favia 

^Goniastrea 

^Mfleandra 

Leptoria 

"Syzvgophyllia 

Trocnoeeris  (J) 

Mesomorpha  (J) 

Antillofleris 

Phyaoseris 

Protethmos  « 

Metethmos  <> 

**Actinaci8 

Dendracis  (J) 

Multicolumnastisea  (J). 
®Goniopora 


Atlantic 
Ocean. 


Indo- 
Pacific. 


X 


X 


X 


X 


Total  (21  genera) 


X 
X 
X 
X 
X 
X 


Extinct. 


X 


X 


9 


X 
X 

X 
X 
X 
X 
X 
X 
X 


10 


a  These  two  genera  were  de%ribed  by  Gregory  (Pal»ontologia  indlea, 
9th  ser.,  vol.  2,  pt.  2,  pp.  102-167,  1900)  from  specimens  obtained  in  the 
Jurassic  of  Cutch,  mala,  and  appear  to  be  represented  in  the  Eocene 
of  St.  Bartholomew,  but  the  generic  identifications  are  not  beyond 
question. 

Of  the  21  genera  named  in  the  table  4  are 
represented  to-day  in  the  Atlantic  Ocean,  2  of 
them  only  in  the  Atlantic;  9  are  represented 
in  the  living  Pacific  fauna,  7  of  them  only  in 
the  Pacific;  and  10  genera  are  so  far  as  known 


extinct.  Although  further  study  may  add  to 
the  list,  its  essential  indications  will  not  be 
changed.  The  upper  Eocene  fauna  of  St. 
Bartholomew  contains  representatives  of  11 
living  genera  of  corals,  and  7  of  these  are, 
according  to  our  present  knowledge,  now  con- 
fined to  the  Indo-Pacific  region.  Therefor©  its 
affinities  are  more  with  the  Indo-Pacific  fauna 
of  to-day  than  with  that  of  the  Atlantic. 
The  genera  whose  names  are  preceded  by 
a  degree  mark  C)  also  occur  in  deposits  of 
Oligocene  age. 

UPPER   OLIGOCENE  FAUNAS. 

Although  there  is  much  similarity  in  the 
upper  Oligocene  faunas,  there  are  at  least  four 
recognizable  horizons  at  which  they  occur  in 
the  southeastern  United  States.  These  are, 
named  in  stratigraphically  ascending  order,  as 
follows:  (1)  Basal  part  of  the  Chattahoochee  for- 
mation, in  the  reefs  near  Bainbridge,  Ga. ;  (2)  the 
silex  bed  of  the  Tampa  formation,  near  Tampa, 
Fla.,  and  at  numerous  localities  in  Florida  and 
southern  Georgia;  (3)  the  Chipola  marl  mem- 
ber of  the  Alum  Bluff  formation;  (4)  the  Oak 
Grove  sand  member  of  the  Alum  Bluff  forma- 
tion. Although  the  descriptions  of  these 
faunas  are  not  quite  complete,  their  essential 
characteristics  have  been  ascertained.  The 
following  is  a  list  of  the  coral  genera: 


Coral  genera  represented  in  the  upper  Oligocene  deposits  of  Georgia  and  Florida. 


Genus. 


Aatrhelia 

Stylophora  — 

Stylocoenia 

Astrocoenia 

Antillia 

Orbicella 

Solenastrea 

Galaxea 

Favitee 

Mseandra 

New  genus 

Syzygophyllia. 

Siderastrea 

Mesomorpha . . 
Diploastrea — 
Endopachys. . . 

Acropora 

Actinacis 

Astreopora 

Pontes 

Goniopora 

Alveopora 


Basal 

Chatta- 
hoochee. 


Silex  bed, 
Tampa. 


X 
X 
X 
X 
X 


X 


X 
X 
X 


X 
X 


Total  (22  genera), 


X 
X 


13 


X 


X 
X 
X 

X 


X 


(?) 

X 


Chipola 
marl. 


X 


X 


Oak 
Grove 
sand. 


X 


X 


X 

X 


X 
X 
X 


13 


Atlantic. 


X 
X 


Pacific. 


X 


X 


X 


X 
X 
X 
X 
X 
X 


X 

X 


Extinct. 


X 

X 


X 


X 
X 
X 


X 
X 
X 
X 


16 


X 


X 


30830^—17 24 
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Of  13  genera  represented  in  the  basal  Cbatta- 
lioochee,  2  occur  in  the  living  faunas  of  both  the 
Atlantic  and  the  Indo-Pacific,  7  occur  only  in 
the  Indo-Pacificy  1  only  in  the  Atlantic,  and  3 
are  extinct.  The  silex  bed  of  Tampa  contains 
13  genera,  7  of  which  are  at  present  ccmfined  to 
the  Indo-Pacific,  6  are  common  to  the  Atlantic 
and  Indo-Pacific,  and  none  is  extinct.  The 
Chipola  marl  contains  4  genera,  3  of  which 
persist  in  the  Indo-Pacific  but  are  not  known 
in  the  Atlantic,  and  1  is  extinct.  Only  1 
genus,  Astrhelia,  has  been  found  in  the  Oak 
Grove  sand.  It  is  represented  in  the  lower 
Miocene  of  Maryland,  but  is  now  exthict. 
Tropical  marine  temperatures  prevailed  as 
far  north  as  southern  Georgia  throughout  the 
deposition  of  the  Chattahoochee  and  Tampa 
formations,  but  during  the  period  when  the 
upper  beds  of  the  Alum  Bluff  formation  were 
being  laid  down  the  waters  cooled  and  living 
upper  Oligocene  coral  reefs  vanished  from 
Georgia  and  Florida.  The  cooler  Miocene 
epoch  followed,  and  it  was  succeeded  by  the 
warm  Pliocene  epoch,  during  which  reef  corals 
flourished   in  southern  Florida,   but,   as   will 


later  be  made  clear,  they  represent  a  different 
fauna,  for  during  the  Miocene  every  coral  of 
Pacific  facies  had  disappeared,  and  the  Pliocene 
fauna  is  of  purely  Atlantic  affinities. 

The  West  Indian  and  Central  American 
upper  Oligocene  faunas  represent  several  differ- 
ent horizons.  (See  references  to  my  papers, 
p.  362.)  One  of  the  faunas,  that  at  the  base  of 
the  ''marl  formation'*  of  Antigua  (the  Antigua 
formation  of  J.  W.  Spencer),  is  almost  identical 
with  that  at  the  base  of  the  Chattahoochee 
formation  near  Bainbridge,  Ga.  Beds  repre- 
senting the  same  horizon  are  exposed  4  miles 
west  of  Lares,  Porto  Rico;  and  beds  represent- 
ing the  same  or  nearly  the  same  horizon  occur 
at  the  base  of  the  bluff  at  Crocus  Bay,  on  the 
north  side  of  the  island  of  Anguilla.  The 
higher  beds  in  the  Crocus  Bay  exposures  seem 
to  correspond  stratigraphically  with  the  Em- 
perador  limestone  of  Panama.  The  fauna  of 
Bowden,  Jamaica,  is  nearly  related  to  this 
higher  fauna  but  may  be  somewhat  younger. 
The  f oUowing  table  presents  the  list  of  genera 
for  Antigua,  Anguilla,  Empire  (Panama),  and 
Bowden  (Jamaica). 


Genera  of  corals  in  the  upper  Oligocene  of  ArUigva,  Anguilla,  Empire  {Panama),  and  Bowden  (Jamaica). 

[QmkBn  whose  names  are  followed  by  (L)  ooair  also  4  miles  west  of  Lares,  Porto  Rfaso.] 


Genus. 


Placocyathufl 

PlacotrochuB 

Sphenotrochufl. 

Trochosmilia 

Aflterosmilia. 

StylophonL 

PocDiopora. 

Stylocoenia. 

Madrocis 

Astrocoenia  (L) 

AntLUia 

Orbicella(L) 

Cladocora 

Diplothecastrea 

Favitee 

Goniastrea 

Lamellantnea 

ThvaanuB 

Tefeiophyllia. 

M8eaDara(L) 

Manicina 

Syzy]gophyllia 

Agaricia(L) 

Pavona 

New  genua 

LeptoseriB. 

HaloeeriB 

Sideraatrea  (L) 

Diploastrea 

Acropora 

Afltreopora  (L) 

Pontes 

Goniopora  (L) 

Alveopora 

Total  (34  genera) 


Antigua. 


X 
X 
X 
X 

X 


X 
X 
X 


Anguilla.     Empire 


Panama. 


Bowden, 
Jamaica. 


X 
X 
X 


X 
X 


X 
X 


X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 


X 


X 


X 


X 


X 


Atlantic. 


X 


X 


X 
X 


Pacific. 


(?) 
X 
X 


X 
X 


Extinct. 


X 


X 
X 


X 
X 


X 


X 
X 


X 
X 
X 
X 


24 


10 


8 


X 


X 
X 


14 


X 
X 
X 


X 
X 


X 
X 


X 


X 


X 


X 


12 


X 
X 
X 
X 
X 
X 
X 
X 
X 


22-f?l 


X 
X 
X 
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The  Antiguan  fauna  contains  24  genera,  of 
which  only  5  are  extinct;  of  the  19  genera  rep- 
resented by  living  species  2  are  now  confined 
to  the  Atlantic,  5  are  represented  m  both  the 
Atlantic  and  Pacific,  and  12  (50  per  cent)  are 
at  present  confined  to  the  Pacific.  The  fauna  is 
predominantly  Pacific.  Of  the  9  genera  on 
Anguilla  3  are  at  present  confined  to  the  Pacific. 
Of  the  8  genera  from  Empire,  Panama,  5  are  rep- 
resented by  livingspecies  only  in  the  Pacific.  Of 
the  14  genera  represented  at  Bowden,  Jamaica, 
2  are  extinct,  2  are  at  present  confined  to  the 
Atlantic,  5  are  common  to  the  Atlantic  and 
Pacific,  and  6  (if  Placocyathus  is  included)  are 
confined  to  the  Pacific.  Stephanocoenia  is 
found  at  Bowden  and  appears  to  have  been 
collected  in  place.  It  is  also  Pleistocene  and 
Recent  in  the  West  Indies.  The  living/S^^p^ano- 
ccmia  intersepta  (Esper)  is  the  type  of  the 
genus. 

Because  of  the  known  presence  of  species  of 
Lepidocychna  (identified  by  J.  A.  Cushman)  in 
the  base  of  the  Chattahoochee  formation  near 
Bainbridge,  Ga.,  in  the  Antigua  formation  in  An- 
tigua, in  the  fossil  reefs  of  Anguilla,  and  in  the 
Emperador  limestone  of  Panama,  most  paleon- 
tologists wiU  agree  as  to  the  Oligocene  age  of 
these  deposits,  and  as  the  beds  exposed  4  miles 
west  of  Lares,  Porto  Rico  (the  Pepino  forma- 
tion of  Hill)  contain  essentially  the  same  coral 
fauna  as  the  Antigua  formation,  their  Oligocene 
age  will  probably  be  conceded. 

It  should  be  stated  here  that  H.  Douvill6  ^ 
refers  Lepidocyclina  caneUei  Lemoine  and  R. 
DouviUfi  and  L.  chaperi  Lemoine  and  R.  Dou- 
vill6,  both  of  which  occur  in  the  Culebra  forma- 
tion of  the  Canal  Zone,  to  the  Aquitanian, 
which  he  considers  to  be  Miocene.  The  Culebra 
formation  inmiediately  underUes  the  Empera- 
dor limestone,  in  which  the  principal  reef-coral 
fauna  of  the  Canal  Zone  is  found  in  association 
with  Lepidocyclina  and  other  orbitoidal  Fora- 
minifera.  The  larger  Foraminifera  of  the  Canal 
Zone  are  described  in  a  paper,  now  awaiting 
publication,  by  Dr.  Jos.  A.  Cushman,  who  has 
almost  completed  descriptions  of  the  species  of 
Lepidocyclina  and  Orthophragmina  from  the 
southeastern  United  States  and  the  West 
Indies. 

Regarding  the  age  of  the  formations  belonging 
to  the  Apalachicola  group  but  higher  than  the 

1  Les  orbitoldes  de  I  lie  de  Trinity:  Paris  Acad.  scl.  Compt.  rend.,  vol. 
161,  pp.  87-92, 1915;  Les  couches  k  orbitoldes  de  TLsthme  de  Panama: 
Soc.  g6o\.  France  Compt.  rend,  for  Dec.  20, 1915,  pp.  129-130. 


Chattahoochee  formation  in  Georgia  and  Florida 
there  is  controversy,  and  the  controversy  ex- 
tends to  the  age  of  the  marl  at  Bowden,  Ja- 
maica, some  paleontologists  contending  that 
these  formations  are  of  Oligocene  age,  others 
that  they  are  of  Miocene  age.  Berry  '  has 
recently  discussed  this  subject,  and  his  con- 
cluding remarks  are  as  follows: 

There  is  thus  no  etmctural  (diaatrophic)  evidence  for 
drawing  the  Oligocene-Miocene  boundary  between  the 
Chattahoochee  and  Alum  Bluff  formatiooB,  nor  is  there 
any  floral  or  faunal  evidence  for  such  a  boundary.  There 
is  such  a  break  between  the  Vicksbui^  and  Apalachicola 
groups,  and  the  Alum  Bluff  is  separated  by  an  erosion 
unconformity  from  the  overlying  Choctawhatchee  Mio- 
cene. It  rests  with  invertebrate  paleontology  to  deter- 
mine whether  or  not  the  whole  of  the  Apalachicola  group 
shall  be  considered  Miocene.  Whatever  may  be  the  final 
verdict,  it  remains  true  that  the  flora  preserved  at  Alum 
Bluff  records  the  last  phase  of  sedimentation  before  the  area 
emerged  from  the  sea  and  that  the  most  profound  break  in 
Tertiary  sedimentation  in  the  southeastern  United  States, 
emphasized  equally  by  epeirogenlc;  *laaiial,  and  floral 
changes,  was  at  the  end  of  Apalachicola  time — that  is,  it 
is  represented  by  the  unconformity  at  the  top  of  the  Alum 
Bluff  formation. 

The  Apalachicola  group  has  an  impressive 
unity  for  those  who  have  had  extensive  field 
experience  in  studying  it,  and  they  will  not 
readily  sanction  its  dismemberment.  Out  of 
13  genera,  the  Bowden  marl  contains  6  of  Indo- 
Pacific  affinities  (Placocyathus,  Placotrochus, 
Stylophora,  Antillki,  Syzygophyllia,  and  Goni- 
opora)  and  2  (Thysanus  and  Teleiophyllia)  that 
are  extinct.  As  the  affinities  of  this  coral  fauna 
are  predominantly  Indo-Pacific,  I  am  incUned 
to  the  opinion  that  it  oorresponds  stratigraphi- 
cally  to  the  upper  part  of  the  Apalachicola 
group  and  is  older  than  the  Chesapeake  group 
(Miocene)  of  the  United  States. 

ApaJachicolan  time  was  terminated  by  the 
notable  geologic  events  mentioned  in  the  quo- 
tation from  Berry.'  These  events  led  to  a 
severing  of  the  waters  of  the  Atlantic  from 
those  of  the  Pacific  by  the  establishment  of 
land  connection  between  North  and  South 
America.  It  seems  that  the  extinction  of  the 
coral  genera  of  purely  Pacific  affinities  was 
effected  by  causes  not  understood  but  in  some 
way  related  to  these  events,  for  these  genera 

s  Berry,  E.  W.,  The  physical  conditions  and  age  Indicated  by  the 
dcank  of  the  Alum  Bluff  formation:  V.  8.  Geo!.  Survey  Prof.  Paper  98^ 
pp.  44-46, 1916  (Prof.  Paper  98-E). 

*  For  additional diecuasion  of  the  subject  see  Vaughan.  T.  W.,  A  contri- 
bation  to  the  geologic  history  of  the  Floridian  Plateau:  Carnegie  Inst. 
Washington  Pub.  133,  pp.  153-157,  1910;  Vaughan,  T.  W.,  and  Cooke, 
C.  W.,  Correlation  of  the  Hawthorn  formation:  Washington  Acad.  Sci. 
Jour.,  vol.  4,  pp.  250-253,  1914. 
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are  not  present  in  the  next  younger  important 
coral  fauna  of  the  southeastern  United  States. 

MIOCENE   FAUNA. 

The  Miocene  coral  fauna  of  the  eastern  and 
southeastern  United  States  is  poor  both  in 
genera  and  in  species.^  The  genera  are  Para- 
cyathus,  Astrhelia,  Astrangia,  Septastrea,  and 
a  species  described  by  Gregory*  under  the 
name  PrionasiraML  vaughani,  which  perhaps 
should  be  referred  to  the  genus  Favites — a 
total  of  five  genera.  The  marine  waters  of  the 
Miocene  in  the  southeastern  United  States,  as 
Dall  and  others  have  pointed  out,  were  cold  as 
compared  ¥nth  the  earlier  Apalachicola  and  the 
later  Pliocene  sea,  and  Berry '  has  recently  re- 
considered this  subject.  Although  the  waters 
appear  not  to  have  been  so  cold  as  was  for- 
merly believed,  they  were  too  cold  for  reef  corals, 
and  such  organisms  disappeared  from  the  east- 
em  and  southern  parts  of  the  continent  during 
Miocene  time. 

PLIOCENE   FAUNA. 

Pliocene  time  was  initiated  by  a  recurrence 
of  warm-water  conditions,  and  with  the  change 
in  climate  a  fairly  rich  reef-coral  fauna  estab- 
lished itself  in  Florida  as  far  north  as  latitude 
27®.  It  is  especially  well  exposed  within  the 
area  imderlain  by  the  Caloosahatchee  marl. 
The  following  are  the  genera: 

Corah  in  the  Caloosahatchee  marl  (Pliocene). 


Genus. 


Atlantic. 


Ocalina. 

Dichocopnia 

Meandrina 

Phyllangia 

Solenastrea 

Septastrea  (extinct). 
Thysanua  (extinct). 

Meeandra 

Siderastrea 

Pontes 


Total  (10  genera) 


X 
X 
X 
X 
X 


X 
X 

X 


8 


Pacific. 


X 
X 


X 
X 
X 


6 


Carrizo 

Creek, 

Cal. 


X 


X 


X 
X 
X 


I  Sea  Vau^tan,  T.  W.,  Karyland  OcoL  Survey,  Hlooene,  pp.  438-447, 
pb.  123-129, 1954. 

*  (In^ry,  J.  W.,  New  species  of  CladophylUa,  Prionastnra,  and  Sty- 
lina:  .\iiiials  and  Hag.  NaL  Hist..  7th  ser..  vol.  4,  p.  458.  figs.  2a,  2b,  1899. 

*  Berry,  E.  W.,  TIm  physical  conditions  indicated  by  the  flora  of  the 
Cal\-ert  formation:  U.  8.  QeoL  Survey  Prof.  Paper  98»  pp.  61-73, 1916 
(Prof.  Paper 98-F). 


The  foregoing  table  shows  that  of  10  genera 
represented  in  the  Caloosahatchee  marl  2  are 
extinct,  8  persist  in  the  living  Antillean  fauna, 
and  6  are  common  to  the  Atlantic  and  the 
Indo-Pacific.  The  species  belonging  to  the  8 
genera  that  are  also  Recent  are  either  living 
or,  with  one  exception,  so  near  species  at  pres- 
ent living  on  the  Florida  and  Bahama  reefs 
that  specific  discrimination  is  difficult  or  doubt- 
ful. All  the  purely  Indo-Pacific  elements  are 
lacking  in  this  fauna,  which,  except  for  one  of 
the  two  extinct  genera  (Septastrea)  is  typically 
Antillean.  Of  the  6  genera  represented  in  the 
fauna  of  Carrizo  Creek  5  also  occur  in  the 
Caloosahatchee  fauna,  and  all  6  are  present  in 
the  living  Antillean  fauna. 

PLEISTOCENE   AND  RECENT  FAUNAS. 

A  list  of  the  genera  of  corals  at  present 
living  in  the  shoal  waters  of  the  West  Indies, 
Florida,  and  Central  America  is  given  on  page 
361.  Until  now  it  has  not  been  possible  to 
distinguish  between  the  Pleistocene  and  Recent 
faunas  of  the  region,  as  all  definitely  identified 
Pleistocene  species  are  also  found  living  in  the 
same  region. 

SUMMARY. 

The  data  presented  in  the  foregoing  discus- 
sion show: 

1.  That  during  Eocene,  lower  Oligocene,  and 
upper  Oligocene  time  the  coral  faunas  of  the 
southeastern  United  States  and  the  West 
Indies  comprised  three  elements — (a)  genera 
now  extinct;  (b)  Recent  genera  which  are  now 
living  only  in  the  Indo-Pacific  region;  and  (c) 
genera  which  persist  in  the  western  Atlantic 
Ocean,  the  Gulf  of  Mexico,  and  the  Caribbean 
Sea,  and  some  of  which  are  also  present  in  the 
living  Indo-Pacific  faunas. 

2.  That  the  sharp  differentiation  between 
the  Atlantic  and  Pacific  faunas  took  place 
between  the  end  of  Apalachicola  time  and  the 
beginning  of  Pliocene  time,  and  that  since 
Pliocene  time  there  has  been  only  subordinate 
modification  of  the  Atlantic  fauna.^ 

<  R.  A.  Daly's  saggestion  that  this  differentiation  was  due  to  lowering 
of  marine  temperature  during  Pleistocene  glaciation  (Am.  Acad.  Arts 
and  Sci.  Proc.,  vol.  5,  pp.  169-170, 1915)  can  not  be  true,  for  the  diflereo- 
tiation  had  taken  place  before  Pliocene  time. 
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3.  That  this  differentiation  was  in  some  way 
related  to  diastrophic  and  other  geologic 
events  which  occurred  during  Miocene  time. 
The  causes  of  the  extinction  of  the  Pacific 
elements  are  unknown.  The  problem  is  ren- 
dered more  difficult  because  the  reef  corals  of 
the  Atlantic  and  Indo-Pacific  conform  to  the 
same  ecologic  principles.*  Mayer  says  in  his 
paper  on  Torres  Straits:  ''We  must  conclude 
that  'corals  are  corals/  and  their  behavior  is 
essentiaUy  alike  both  in  Florida  and  Aus- 
tralia." 

4.  That  the  systematic  affinities  of  the  fauna 
of  Carrizo  Creek  are  with  the  Caloosahatchee 
Pliocene  of  Florida  and  the  Pleistocene  and 
living  faunas  of  the  Antilles. 

OEOLOOIC   AGE    OF   THE    FAUNA    OF    CABBESO 


An  approximate  list  of  the  fauna  of  the  Carrizo  fonnation, 
so  far  aB  determined,  is  as  follows: 


From  statements  already  made  it  is  obvious 
that  there  has  been  great  uncertainty  as  to 
the  geologic  age  of  the  fauna  of  Carrizo  Creek. 
At  first  it  was  thought  to  be  probably  Creta- 
ceous, later  it  was  considered  lower  Miocene, 
after  that  it  was  referred  to  the  upper  Miocene, 
and  the  latest  opinion  is  that  it  is  Pliocene. 

The  following  statement  and  list  are  quoted 
from  Kew: ' 

The  age  of  the  Carrizo  formation  '  has  not  been  definitely 
determined.  Dr.  Arnold^  referred  to  it  as  equivalent  to 
the  upper  Miocene  or  lower  Pliocene  Etchegoin  formation 
of  the  San  Joaquin  Valley  of  middle  California,  correlating 
by  means  of  the  pectens.  The  echinoderm  faima  seems  to 
indicate  a  comparatively  late  age,  as  several  of  the  forms 
are  very  closely  related  to  the  species  living  in  the  Gulf 
of  California  at  the  present  time,  and  these  species  are  pre- 
sumed to  change  relatively  rapidly.  A\Tiether  this  seem- 
ingly slow  development  is  due  to  comparative  isolation  in 
a  warm-water  area  is  as  yet  not  known.  These  questions 
can  not  be  answered  definitely  until  the  fauna  has  been 
compare<l  carefully  with  the  Recent  life  from  the  Gulf  of 
California. 


1  See  references  to  my  papers  on  p.  360.  Also  Mayer,  A.  G.,  An  expe- 
dition to  the  coral  reefs  of  Torres  Straits:  Pop.  Scl.  Monthly,  vol.  85,  pp. 
209-231, 1914;  Ecology  of  the  Murray  Island  coral  reef:  Nat.  Acad.  Scl. 
Proc.,  vol.  1,  pp.  211-214,  1915;  Carnegie  Inst.  Washington  Pub.  213, 
pp.  1  et  seq.,  1917. 

1  Kew,  W.  S.  W.,  Tertiary  echinoids  of  the  Carrizo  Creek  region,  in  the 
Colorado  Deeert:  California  Univ.  Dept.  Geology  Bull.,  vol.  8,  pp.  4d, 
47, 1914. 

'  See  footnote  on  p.  355. 

*  Science,  new  ser.,  vol.  19,  p.  503, 1904;  V.  S.  Geol.  Survey  Prof.  Paper 
47,  p.  21, 1906;  U.  S.  Geol.  Survey  Bull.  396,  p.  44, 1909. 


PELECTFODA. 

Anomia  mibcosta  Conrad . . . 

Anomia  n.  sp 

Area  n.  sp.  A 

Area  n.  sp.  B 

Cardiura  aff.  C.  quadrigena- 

rium  Conrad 

Crassatellites  sp 

Divarieata  ebumea  Reeve. . 

Dosinia  n.  sp 

Glycymeris  sp 

Hinnitesgigantea  n.  var 

Lithodomus  sp 

Metis  alta  Conrad 

Ostrea  heermani  Conrad 

Ostrea  vespertina  Conrad . . . 

Panope  generoea  Gould 

Pecten  carrizoensis  Arnold. 
Pecten  subnodosus  n.  var. . 

Pecten  circularis  n.  var 

Pecten  deserti  Conrad 

Pecten  cerrosensis  var.  men- 

denhalli  Arnold 

Pecten  keepi  Arnold 

Pecten  n.  sp 

Phacoides  cf.  P.  sancteecru- 

cis  Arnold 

Pinna  sp 

Pholas  sp 


GASTROPODA. 

Architectonica  sp 

Cancellaria  sp.  A . . . , 

Cancellaria  sp.  B 

Cassis  sp 

Cerithium  sp 

Conus  sp.  A 

Conus  sp.  B 

Dolium  cf.  D.  ringens  Sow- 
erb>r 

Neverita  cf.  N.  recluziana 
Petit 

Oliva  cf.  O.  porphyria  Lin- 
naeus  , 

Pleurotoma  n.  sp 

Terebra  sp.  A 

Terebra  sp.  B 

Turritella  n.  sp 


Lower 
division, 

all 
localities. 


ECHINOOEBMATA. 


Encope  tenuis  n.  sp 

Cidans  sp 

Clypeaster  bowersi  Weaver. . 
Clypeaster  carrizoensis  n.  sp. 

Cljrpeaster  deserti  n.  sp 

Hippono^  californica  n.  sp . . 


X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 


X 
X 
X 
X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


Upper  division. 


Carrizo 
Valley. 


X 
X 
X 


Yuha 
Buttes. 


X 
X 


X 
X 
X 


X 


X 


X 
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Regarding  the  echinoids  Kew  ^  says  that 
*'  Clypedster  howersi  Weaver  resembles  Echinanr- 
th'us  (Clypeaster'i)  testvdinarius  Gray,  living  in 
the  Gulf  of  California,"  and  that  ''The  Recent 
Hipjxmo'i  depressa  A.  Agassiz  found  in  the  GuK 
of  California  and  on  the  west  coast  of  Lower 
California  is  closely  aUied  to  Hipponoe  cdH- 
fornicaJ* 

Nomland'  refers  the  coralliferous  beds  on 
Carrizo  Creek  to  the  Pliocene,  and  he  says  in  a 
letter  to  me  dated  June  13,  1916: 

In  regard  to  the  Pliocene  age  of  the  Carrizo  Creek  beds 
there  la  only  very  little  evidence.  Dr.  Arnold  correlated 
the  Etchegoin'  with  the  Carrizo  Creek  beds  and  thought 


Edwards  and  Haime.  I  am  confident  that 
the  species  does  not  belong  to  Madrepora. 
The  specific  affinities  of  the  Carrizo  Creek 
corals  are  discussed  in  detail  after  the  descrip- 
tions in  the  systematic  part  of  this  paper.  The 
Carrizo  Creek  species  are  so  near  species  be- 
longing to  the  same  genera  in  the  Pliocene 
Caloosahatchee  marl  of  Florida  and  in  the 
Pleistocene  and  Uving  reefs  of  Florida  and 
West  Indies  that  it  seems  to  me  they  can 
scarcely  be  so  old  as  Miocene;  lower  Pliocene 
appears  to  be  the  maximum  age  which  may 
be  assigned  to  the  fauna. 


Corals  from  Carrizo  Creek,  Cal. 


Name. 

Most  nearly  related  species  in  Florida  or  West  Indies,  a 

Eusmilia  carrizensis  Vauirhan.  n.  so 

Eusmilia  fastigiata  (Pallas),  PI,  R. 
Dichocoeoia  sp.,  P;  D.  stokesi  Milne  Edwards  and  Haime, 
/    PI.  R. 

Dichopflpnia  merriaroi  (Vftuorhaii) 

var.  crassiseDta  Vauirhan.  n.  var 

RidftraRtrpft  fairbankr^i  (vRiii^hftn).  t.vT>ira1  ,.,,xx.t 

var.  columnarls  ( Vauehan ) 

Solenastrea  h\'ade6  (Dana)  and  S.  boumoni  Milne  Ed- 
wards and  Haime.  P.  PI.  R. 

var.  noiTnAliA  Va^»»i?h^n.  P .  var 

var.  minor  Vaughan,  n.  var 

MsBandra  bowersi  Vaufirhan.  n.  sp 

Maeandra  lab3rrinthiformis  (Linnaeus),  PI,  R. 
>Sidera8treasp.,  P. 

fiid^^Taptiw*  TTipndpphalli  Vaiichftn.  n .  sp 

var  minor  Vaiip^han.  n  var» . . .  -  r . ,,-,-,,-.,  ^ .,, . 

Siderastrea  califomica  Vaufirhan,  n.  sp 

Siderastrea  sp..  P. 

PoritiW  cftrnzen*n«f  Vaiiehan .  " .  «p . 

Porit^^fl  antrpoides  TAmarrk.  PI.  R 

aP,  PUooene:  PI,  Pieistooene;  R,  Recent. 


both  of  Miocene  age.  His  correlation  was  based  almost 
entirely  on  Pecten  deserti  Conrad.  Later  we  found,  as 
shown  by  land  vertebrates,  that  the  Etchegoin  formation 
and,  as  we  thought,  also  the  Carrizo  Creek  beds  are  of 
Pliocene  age.  I  have  recently  collected  from  the  Etch- 
egoin a  large  number  of  specimens  of  *  the  form  called 
Pecten  deserti  by  Arnold.  I  find,  however,  that  this  is 
undoubtedly  different  from  the  species  occurring  in  the 
Carrizo  Creek  beds.  The  Pelecypoda  and  Gastropoda 
which  have  heretofore  been  specifically  listed  may  be 
either  Miocene  or  Pliocene. 

In  addition  to  the  species  and  varieties  listed 
in  the  accompanying  table  Nomland  describes 
and  figures  a  coral  from  Carrizo  Creek  under  the 
name  Madripora  solida,  I  have  not  seen  this 
species  and  am  not  sure  as  to  its  generic  rela- 
tions. I  suppose  '* Madripora*'  is  intended  to 
be  Madrepora,  type  species  Madrepora  oculafu 

lAiineeus  ^Amphelia   ocvlata    (Linnaeus)  Milne 

. i 

»  Kew,  W.  S.  W.,  op.  cil..  pp.  50,  51.  [ 

*  Nomland,  J.  O.,  Corals  from  the  Cretaceous  and  Tertiary  of  Call-  ! 
fomia  and  Oregon:    California  Univ.  Dept.  Geology  Bull.,  vol.  9,  p. 
60, 1916. 

*  Arnold,  Ralph.  Paleontology  of  the  Coalinga  district,  Fresno  and 
Kings  counties,  Cal.:  U.  6.  Qeol.  Survey  Bull.  396,  p.  44, 1909. 


BSABINa  OF  THE  FAXTKA  OF  CABBIZO  CBEEX  ON 
A  POSSIBLE  POST-OLIOOCBKE  INTXBOCSANIC 
CONNECTION. 

That  there  was  interoceanic  connection 
across  parts  of  Central  America  during  upper 
Oligocene  time  and  that  this  connection  was 
terminated  in  Miocene  time  is  generally  ad- 
mitted. The  extinction  of  Pacific  faunal  ele- 
ments in  the  Gulf  of  Mexico,  the  Caribbean 
Sea,  and  the  western  Atlantic  Ocean  has  been 
discussed  and  summarized  on  page  366.  Was 
there  interoceanic  connection  during  upper 
Miocene  or  Pliocene  time  after  the  sharp  dif- 
ferentiation of  the  Caribbean  and  Mexican 
Gulf  faunas  from  the  Indo-Pacific  faunas, 
thereby  permitting  interoceanic  faunal  migra- 
tion? The  discovery  of  a  reef -coral  fauna  of 
purely  Floridian  and  Caribbean  facies  at  the 
head  of  the  Gulf  of  California  strongly  suggests, 
if  it  is  not  positive  proof,  that  the  western 
Atlantic  fauna  extended  from  the  Atlantic  into 
the  Pacific  after  the  faunal  differentiation  had 


I- 
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taken  place.  It  is  well  known  that  the  living 
reef-coral  fauna  on  the  Pacific  side  of  Central 
America  is  depauperate  in  comparison  with 
that  on  the  Atlantic  side.  Greater  vigor  may 
account  for  the  dominance  of  the  migrant 
fauna  over  the  Pacific  fauna,  which  was  finally 
suppressed,  or  geologic  or  other  ecologic  condi- 
tions that  are  not  yet  understood  may  have 
excluded  the  Pacific  fauna  from  the  head  of  the 
Gulf  of  California,  while  they  permitted  the 
migration  of  the  Atlantic  fauna  into  that  area. 
That  the  suggested  interoceanic  connection 
existed  can  scarcely  be  doubted.  To  locate 
it,  in  the  present  state  of  meager  knowledge  of 
the  areal  and  stratigraphic  geology  of  Central 
America,  is  not  possible.  Perhaps  it  was 
across  the  Isthmus  of  Tehuantepec.  The 
problem  awaits  future  investigation. 

CONCLUSIONS. 

The  foregoing  discussion  may  be  summarized 
as  follows: 

1.  The  Carrizo  Creek  reef-coral  fauna  is 
Atlantic,  not  Pacific,  in  its  affinities. 

2.  During  Eocene  and  Oligocene  time  there 
was  connection  between  the  Atlantic  and 
Pacific  oceans  across  Central  America,  and 
there  was  no  sharp  differentiation  between  the 
Atlantic  and  Pacific  faunas. 

3.  Upper  OUgocene  (Apalachicolan)  time 
was  closed  by  diastrophic  and  other  geologic 
events  of  profound  importance,  which  sepa- 
rated the  Atlantic  from  the  Pacific  Ocean  by 
forming  a  land  area  extending  from  North  to 
South  America.  During  Miocene  time  sharp 
differentiation  between  the  Atlantic  and  Pacific 
faunas  took  place,  largely  by  the  extinction  of 
the  Pacific  elements  in  the  Atlantic  area. 

4.  The  Pliocene  coral  fauna  of  Florida  is 
purely  Atlantic  in  its  affinities,  and  since 
Pliocene  time  there  has  been  only  minor  modi- 
fication of  the  coral  fauna  in  the  western 
Atlantic,  the  Gulf  of  Mexico,  and  the  Carib- 
bean Sea. 

5.  The  fauna  of  Carrizo  Creek  is  related  to 
PHocene  and  post-Pliocene  faunas  of  Florida 
and  the  West  Indies  and  can  scarcelv  be  older 
than  lower  PHocene. 

6.  Subsequent  to  the  differentiation  between 
the  Atlantic  and  the  Pacific  faunas  there  was 
in    upper   Miocene    or    Pliocene    time    inter- 


oceanic connection,  which  permitted  the  At- 
lantic fauna  to  extend  into  the  Giilf  of  Cali- 
fornia and  up  to  its  head,  and  conditions  not 
yet  understood  excluded  the  Pacific  fauna 
from  the  area. 

7.  The  locus  of  the  inferred  interoceanic  con- 
nection is  not  known.  It  was  probably  in  the 
region  of  the  Isthmus  of  Tehuantepec,  or  far- 
ther southeast. 

SYSTEMATIC  DISCUSSION  OF  THE  FAUNA. 
MADBEPOSABIA  IMPEBFOKATA. 
Tamils  XXTSMILIIDiE  VerrUl. 

Genus  EUSIOLIA  MUne  Bdwards  and  Halme. 

1848.  Euamilia  Milne  Edwards  and  Haime,  Compt.  Rend., 
vol.  27,  p.  467. 
Type  species:  Madrepora/aatigiata'PallBB. 

Ensmilia  carrixensis  Yanghan,  n.  sp. 

Plate  XCV,  figures  1,  la. 

Corallum  cespitose,  similar  in  growth  form 
to  Eusmilia  fastigiata.  Single  branches  as 
much  as  13.5  by  15  millimeters  in  diameter. 
Cost®  distinct  but  not  very  prominent,  alter- 
nately lai^er  and  smaller,  corresponding  to  the 
septa. 

In  a  small  corallite  8.5  millimeters  in  diam- 
eter there  are  about  16  septa  which  extend 
to  the  columella;  alternating  with  these  are 
shorter  and  much  thinner  septa.  In  places 
three  smaller  septa  may  be  seen  in  a  loculus 
between  two  large  septa.  In  a  space  5.5  milli- 
meters long,  measured  on  a  chord,  there  are  7 
septa. 

Columella  trabecular,  well  developed. 

Locality:  Barrett  Canyon,  Carrizo  Creek. 
Imperial  County,  Cal. 

Affinities:  This  species  is  about  as  close  to 
Eusmilia  fdstigiata  (Pallas),  of  the  Floridian 
and  AntiUean  region,  as  DichooBnia  merriami 
is  to  D.  stoJcesi,  The  difference  between  the  two 
is  that  E,  fdstigiata  has  more  crowded  septa, 
about  ten  in  5.5  millimeters,  whereas  E.  carri- 
zensis  has  seven  in  the  same  space.  The 
growth  form,  the  size  of  the  branches,  and  the 
columellar  character  are  the  same  in  both. 

Illustrations  of  E,  fa^tigiata  are  given  on 
Plate  XCV,  figures  2,  2a. 
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Genus  iyiCHOC<BllIA  HJlne  Edwmrds  and  Haime. 

1848.  Dichoccenia  Milne   Edwards  and   Haime,  Compt. 

Rend.,  voL  27,  p.  469. 
1857.  Dichocoenia  MiJne  Edwards  and  Haime,  Histoire 

naturelle  dee  coralliairee,  vol.  2,  p.  199  (type 

species  figured,  PI.  DI,  figs.  10a,  10b). 
Type  species:  Astrea  porcata  Lamarck,  on  authority 

of  Milne  Edwards  and  Haime. 

It  is  my  belief  that  Madrepora  porcata  Esper* 
is  not  this  species,  for  Esper  says:  *' Die  Flache 
ist  ganz  eben,  und  die  Sterne  ohne  einen  erho- 
heten  Rand  zu  haben,  eingesenkt.''  His  fig- 
tares  suggest  a  coral  similar  to  Favia  puteolina 
(Dana)  or  Favia  danse  Verrill.  The  Dicho- 
ccBfiia  porcaia  of  Milne  Edwards  and  Haime 
differs  from  D.  stokesi  principally  by  the  pos- 
session of  an  ''6pithdque  extr6mement  mince 
et  peu  distincte."  It  seems  to  me  probable 
that  their  D.  porcata  and  D.  stoJcesi  are  the 
same  species,  especially  as  I  have  never  seen  a 
specimen  of  a  living  species  of  Dichoccenia 
from  the  Pacific  or  Indian  Ocean,  and  none  are 
reported  by  Studer,  Stanley  Gardiner,  Bedot, 
Von  Marenzeller,  Gravier,  or  Matthai.  Accord- 
ing to  the  present  available  information,  the 
genus  is  found  Uving  only  in  the  western  At- 
lantic Ocean,  the  Gulf  of  Mexico,  and  the 
Caribbean  Sea.  The  Dichoccenia  uva  of  Mihie 
Edwards  and  Haime  is  based  on  Esper's  Ma- 
drepora uva^^  from  the  China  Sea.  This  appears 
to  be  a  species  of  Favia  and  is  probably  the 
same  as  Favia  speciosa  (Dana).  From  the  de- 
scription, it  seems  to  me  that  DicTiocoRnia  stel- 
laris  Milne  Edwards  and  Haime  is  a  varietal 
form  of  D.  stoJcesi.  A  positive  opinion  can  be 
based  only  upon  a  restudy  of  Milne  Edwards 
and  Haime's  original  specimens  and  types,  but 
the  suggestion  is  warranted  that  their  D,  por- 
cata ^  D,  stoJcesi,  and  D.  steUaris  all  belong  to  the 
same  species,  and  that  both  Madrepora  por- 
cata and  M.  uva  of  Esper  belong  to  the  genus 
Favia  and  not  to  Dichoccenia. 

Dichoccenia  merrianU  (Vanshan)  Vanghan. 

Plate  XOrV,  figures  1,  la. 

1900.  Favia  merriami  Vaughan,  U.  S.  Geol.  Survey  Mon. 
39,  p.  142,  pi.  15,  figs.  5,  5ar-5c. 

1906.  Favia  merriami  Vaughan,  in  Arnold,  Tertiary  and 
Quaternary  pectens  of  California:  U.  S.  Geol.  Sur- 
vey Prof.  Paper  47,  p.  22. 

1916.  Favia  merriami  Nomland,  California  Univ.  Dept. 
Geology  Bull.,  vol.  9,  p.  60. 

1  Esper,  E.  J.  C,  Fortsetzungen  der  PflanMnthJere,  pi.  71, 1795. 
*Idem,  pi.  43. 


The  original  description  of  this  species  is  as 
follows: 

CoraUum  subplane  or  rounded  above,  maasive.  The 
species  is  based  on  three  broken  specimens,  nearly  of  a 
size.  ♦  ♦  «  The  condition  of  preservation  of  the  ma- 
terial is,  as  is  unfortunately  too  often  the  case  with  the 
fossil  species,  not  satisfactory.  The  calices  are  elliptical. 
The  following  gives  measurements  of  several: 


1 

2 

3 

4 

1 

Mm. 

Greater  diameter  of  calice 6.  5 

Lesser  diameter  of  calice 4.  5 

Mm. 
6.5 
2.5 

Mm. 
5.5 
4.5 

Mm. 
5.5 
4.5 

Some  calices  are  almost  circular,  with  a  diameter  of  4.5 
millimeters.  The  calices  are  from  2  to  3  millimeters  apart. 
The  walls  between  the  corallites  are  thick  (2  to  3  milli- 
meters) and  usually  compact;  are  e\'idently  formed  of 
fused  cost^e;  correspondingly,  sometimes  the  costse  can  in 
the  sections  be  traced  some  distance  across  the  area  between 
the  corallites.  On  the  upper  surface  of  the  corallum  costse 
correspond  to  all  septa  and  extend  from  one  calice  to  the 
next.  They  are  low,  sometimes  flattened  above  or  slightly 
acute,  minutely  granulated,  straight  or  somewhat  flexu- 
ous.  Septa,  in  calice  No.  1  of  the  above  table,  about  33  in 
number.  The  number  for  the  fully  grown  calices  seems 
to  vary  between  30  and  36 ;  younger  calices  may  have  only 
24.  The  various  cycles  are  not  distinctly  indicated. 
There  is  usually  a  fairly  regular  alternation  in  size  of  the 
septa,  the  larger  ones  reaching  the  columella.  They  are 
thick,  thicker  at  the  wall,  and  have  paliform  thickenings 
on  their  inner  ends.  Faces  granulate.  Dissepiments  very 
well  developed,  thin,  1.5  to  2.5  millimeters  apart  in  the 
longitudinal  section  of  the  corallites.  The  character  of  the 
septal  margins  is  not  shown  by  the  material  at  hand.  The 
calicular  fossie  are  extremely  shallow  or  are  almost  super- 
ficial.   The  columella  is  false,  laige,  well  developed. 

The  large  suite  of  specimens  collected  by 
Mendenhall  and  Bowers  makes  a  fuller  descrip- 
tion of  the  species  possible. 

The  corallum  is  of  massive  growth  form, 
upper  surface  regularly  domed  or  imdulate. 
The  foDowing  are  the  dimensions  of  four 
specimens: 

Dimensions  of  Dichoccenia  merriami,  in  millimeters. 
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The  size  of  the  calices  is  given  in  the  table. 
The  shortest  calices  have  been  recently  cut  off 
by  fission  from  the  parent  corallite  and  are  sub- 
circular  or  elliptical  in  form.  In  the  longest 
calices  there  are  usually  three  centers  which 
have  not  been  isolated  by  complete  fission. 
The  distance  apart  ranges  from  the  thickness 
of  a  dividing  septum  to  about  5  millimeters. 
The  least  width  of  the  corallite  wall  as  given 
in  the  table  is  for  calices  which  are  completely 
separated  and  have  developed  intercoraUite 
walls. 

The  calicular  edges  are  somewhat  elevated , 
the  outer  surface  of  the  corallites  sloping  or 
falling  almost  perpendicularly  to  the  bottom 
of  the  intercoraUite  depressions.  The  maxi- 
mum amount  of  exsertness  on  these  specimens 
is  about  1  millimeter.  Costse  correspond  to 
the  septa  but  usually  are  not  notably  promi- 
nent. 

The  septa  and  columella  are  better  shown  in 
the  specimen  represented  by  Plate  XCIV, 
figures  1,  la,  described  below. 

Corallum  subhemispherical,  57  by  67  milli- 
meters in  diameter  and  39  millimeters  tall. 
Coralhtes  project  as  much  as  2.5  millimeters; 
distance  between  calicular  margins  from  1  to 
3  millimeters;  free  limbs  with  distinct  sub- 
equal  or  slightly  alternating  costse  that  corre- 
spond to  all  septa.  Length  of  calices  from  5 
to  13.5  millimeters;  width  from  3  to  6.5  milli- 
meters. Septa  in  a  young  corallite  4  miUi- 
meters  in  diameter  about  18,  of  which  8  reach 
the  columella;  in  a  corallite  5.5  by  8.5  milli- 
meters in  diameter,  there  are  43  septa,  of 
which  12  are  appreciably  larger  than  the  others 
and  reach  the  columella,  and  8  others  are 
nearly  as  large;  alternating  with  the  20  larger 
septa  are  smaller  septa,  and  there  are  a  few 
rudimentaries.  Another  coraUite  10.5  milli- 
meters long  has  42  septa,  of  which  about  half 
reach  the  columella,  and  there  is  an  equal 
number  of  smaller  septa.  In  places  three  sizes 
of  septa  are  recognizable,  and  here  and  there 
are  septal  groups  of  threes.  Septal  margins 
apparently  entire;  paliform  lobes  commonly 
present.     Septal  faces  granulate. 

Columella  trabecular,  well  developed;  in 
some  elongate  calices  an  axial  lamella  is  pres- 
ent, but  this  is  derived  from  a  septum. 

Locality:  Barrett  Canyon,  Carrizo  Creek, 
Imperial  County,  Cal. 


Affinities:  This  species  is  very  close  to  Dicho- 
cania  stdkesi  Milne  Edwards  and  Haime,  which 
is  found  on  the  living  reefs  in  the  Bahamas, 
the  West  Indies,  and  Florida,  and  occurs  fossil 
in  Santo  Domingo,  where  it  has  been  known  as 
Barysmilia  intermedia  and  Dichocania  tvheroaaj 
both  proposed  by  Duncan.^  A  closely  related 
species  is  found  in  the  Pliocene  Caloosahatchee 
marl  of  Florida,  but  descriptions  and  figures  of 
it  have  not  been  published.  There  are  in  the 
United  States  National  Museum  large  suites  of 
D,  stokesi.  In  growth  form,  general  aspect,  the 
size  and  distribution  of  the  calices,  and  the 
character  of  its  costee  it  is  like  D,  merriami, 
but  the  columella  of  D.  stokesi  seems  to  be  less 
well  developed,  and  a  calice  4.5  by  7  milli- 
meters in  diameter  has  42  septa,  one  5  milli- 
meters in  diameter  has  34  septa,  and  one  4 
millimeters  in  diameter  has  24  septa.  There- 
fore D.  stdkesi  seems  to  have  a  weaker  colu- 
mella and  somewhat  more  numerous  septa  than 
D.  merriamiy  but  the  differences  are  so  slight 
that  the  California  specimens  should  perhaps 
be  referred  to  the  same  species  as  the  one  to 
which  the  Floridian  and  West  Indian  speci- 
mens belong.  To  facilitate  comparison  of  the 
two  species,  figures  of  D.  stokesi  are  given  in 
Plate  XCIV,  figures  2,  2a. 

Dichoceenia  merriami  var.  crassisepta  Vaughan,  n.  Tar, 

Plate  XCIV,  figures  3,  3a. 

This  variant  has  thick,  strongly  exsert  prin- 
cipal septa  with  corresponding  strong  cost® 
and  thin  intermediate  septa  with  correspond- 
ing thin  costae.  The  differential  characters  are 
shown  in  the  figures. 

Locality:  Barrett  Canyon,  Carrizo  Creek, 
Imperial  County,  Cal. 

Family  OKBICELLEDiB  Vauchan. 

Oenns  SOLENASTBSA  MUne  Edwards  and  Halme. 

1848.  Solenastrea  Milne   Edwards  and   Haime,   Compt. 

Rend.,  vol.  27,  p.  494. 
1850.   Solenastrea   Milne    Edwards  and  Haime,   British 

fossil  corals,  Introduction,  p.  xl. 
Type  species:  Aitrea  turonensis  Michelin. 

The  follovdng  is  the  characterization  of  the 
genus  published  by  Milne  Edwards  and  Haime 
in  1850: 

Corallum  forming  in  general  a  convex  mass,  of  a  light 
and  cellular  structure.     Genmiation  extra  calicular.    Co- 

1  London  Geol.  Soc.  Quart.  Jour.,  vol.  19,  pp.  431,  432, 1863. 
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laUites  long,  slender,  and  united  by  an  exothecal  struc- 
ture, and  not  by  costae,  which  do  not  meet  and  are  often 
rudimentary.  Oalices  circular,  with  an  exsert  margin. 
Columella  spongy,  and  in  general  small.  Septa  very  thin ; 
their  maigin  denticulated.  Dissepiments  simple,  numer- 
ous, and  closely  set. 

Solenastrea  and  Cyphastrea  were  united  by 
Duncan  under  the  former  name,  the  latter 
being  reduced  to  subgeneric  rank,^  and  char- 
acterized as  follows:  '^The  generic  characters 
are  as  in  Solenastrea,  but  the  septa  are  cribri- 
form." 

Leptastrea,  Solenastrea,  Cyphastrea,  and 
Orbicella  are  closely  related  genera.  The  fol- 
lowing paragraphs  indicate  what  seem  to  me 
to  be  the  differential  characters. 

Leptastrea  Milne  Edwards  and  Haime  (type 
species,  L,  roissyana  Milne  Edwards  and 
Haime),  septa  imperforate,  coraUites  usually 
not  joined  by  costae,  intercoraUite  tissue  com- 
pact, its  surface  more  or  less  granulate  but  not 
spinulose. 

Solenastrea  Milne  Edwards  and  Haime  (type 
species,  Astrea  turonensis  Michelin),  similar  to 
Leptastrea,  except  that  the  coraUites  are  sep- 
arated by  highly  vesicular  exotheca,  unless 
crowded,  when  they  may  be  separated  by 
simple  walls. 

Cyphastrea  Milne  Edwards  and  Haime  (type 
species,  Astrea  micro pTUhalma  Lamarck),  sim- 
ilar to  Solenastrea,  except  that  the  inner  parts 
of  many  septa  are  cribriform,  and  the  surface  of 
the  intercorallite  tissue  is  spinulose. 

Orbicella  Dana  (type  species,  Madrepora 
annularis  Ellis  and  Solander),  similar  to  Cy- 
phastrea, except  that  the  costse  are  strongly 
developed  and  extend  from  one  corallite  to 
another. 

I  have  been  perplexed  and  have  vacillated 
in  my  treatment  of  Solenastrea,  sometimes  re- 
ferring it  to  the  synonymy  of  Cyphastrea,  some- 
times to  that  of  Orbicella.  I  am  now  retaining 
it  as  a  valid  genus  for  the  following  reasons: 
There  is  a  group  of  species  which  is  repre- 
sented in  the  Recent  and  fossil  faunas  of  Florida 
and  the  West  Indies,  and  which  shows  constant 
characters.  The  group  is  well  represented  in 
the  Tampa  upper  Oligocene,  in  the  Caloosa- 
hatchee  Pliocene,  and  in  both  the  Pleistocene 
and  living  faunas.  Except  where  the  coral- 
lites  are  greatly  crowded,  they  are  separated 
by  highly  vesicular  intercorallite   tissue,   the 

iLlnnean  Soc.  London  Jour.,  vol.  18,  p.  107, 1884. 


upper  surface  of  which  is  granulate  and  more 
or  less  costate  but  not  spinulose.  The  costs 
may  or  may  not  extend  from  one  corallite  to 
the  next;  if  the  coraUites  are  dose  together 
they  may  meet,  but  if  the  coraUites  are  distant 
they  usuaUy  do  not  meet.  The  costsB  where 
well  developed  have  not  along  their  summits 
dentations,  as  in  OrbiceUa,  nor  small  sharp 
spinules,  as  in  Cyphastrea.  Because  of  the 
constant  differences  between  this  group  of 
species  and  other  genera,  and  of  the  constant 
similarity  within  the  group,  apparently  it 
should  have  generic  recognition. 

Unfortimately  no  specimens  of  the  type 
species  of  Solenastrea  are  available  to  me  for 
study;  but  to  judge  from  Michelin 's  very  good 
figures  and  from  the  description  of  Milne 
Edwards  and  Haime  the  foregoing  statement 
applies  to  the  characters  of  the  genotype. 

There  are  two  species  in  the  living  West 
Indian  fauna,  both  of  which  also  occur  in  the 
Caloosahatchee  Pliocene.  One  is  Solenastrea 
hyades  (Dana)  (see  PI.  XCVIII,  aU  figures), 
which  appears  to  be  a  synonym  of  Madrepora 
pleiades  Ellis  and  Solander,  and  Solenastrea 
boumoni  Milne-Edwards  and  Haime  (see  Pis. 
XCIX  and  C,  aU  figures),  of  which  the  foUow- 
ing  species  of  Duchassaing  and  Michelotti  are 
synonyms:  Heliastrsea  abditay  Lepta^trsea  ca-- 
rihauij  CypJuistrxa  carpinettiy  Solenastraea  micans, 
and  Solena^trsML  eUisi.  In  S.  hyades  the  mem- 
bers of  the  third  cycle  of  septa  fuse  to  the 
sides  of  the  secondaries;  in  S,  boumoni  the 
inner  ends  of  the  tertiaries  are  free. 

Solenastrea  fairbanksi  (Vaughan)  Vaughan,  typieal. 

Plate  XCV,  figures  3,  3a. 

1900.    Stephanocoenia  fairbanksi  Vaughan,   U.   S.   Geol. 

Survey  Mon.  39,  p.  151,  pi.  17,  figa.  11,  11a. 
1906.    Plesiastrea  califomica  (nomen  nudum)  and  SUphan- 

occenia  fairbanksi  Vaughan,  in  Arnold,  Tertiary 

and  Quaternary  pectens  of  California:  U.S.  Geol. 

Survey  Prof.  Paper  47,  p.  22. 
1916.    Stephanocoenia    fairbanksi     Nomland,     California 

Univ.  Dept.  Geology  Bull.,  vol.  9,  p.  60. 

The  original  description  of  this  species  is  in 

part  as  follows: 

Form  of  corallum  explanate  or  columnar.  The  speci- 
mens  possessing  the  explanate  method  of  growth  may  be 
considered  the  typical  form;  those  with  the  colunmar 
method  of  growth,  S.  fairbanksi  var.  columnaris  var.  nov. 
*  *  *  The  coraUites  are  polygonal  in  form,  usually 
hexagonal,  and  are  joined  directly  by  their  walls  or  by 
very  short  costse.    The  greater  diameter  of  the  corallitee 
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is  very  constantly  3.5  millimetera .  Some  corallites  may  be 
smaller  and  some  slightly  larger,  but  3.5  millimeters  is  the 
usual  diameter.  The  walls  between  two  corallites  on  an 
unweathered  surface  or  in  a  section  are  stout  and  usually 
solid ;  they  are  almost  a  millimeter  thick .  They  are  clearly 
pseudothecal.  In  places  the  corallites  may  be  joined  by 
very  short  costee;  then  open  vertical  spaces  may  exist  be- 
tween the  costflB.  None  of  the  specimens  shows  the  upper 
edge  of  the  wall  in  its  original  condition ;  therefore  its  orna- 
mentation can  not  be  described.  The  septa  are  in  three 
complete  cycles;  the  members  of  the  first  and  second  cycle 
fuse  to  the  columella;  those  of  the  third  cycle  fuse  to  the 
sides  of  those  of  the  seccHid  (?).  (There  is  no  way  of 
differentiating  the  first  from  the  second  cycle.)  They 
are  thicker  at  the  wall;  their  faces  granulate.  The  charac- 
ter of  the  septal  margins  could  not  be  studied .  In  the  best- 
preserved  calices  there  appear  to  be  pali  before  both  the 
first  and  second  cycles  of  septa.  In  the  thin  section  both 
of  these  cycles  of  septa  show  thickenings  on  and  near  their 
inner  ends  corresponding  in  position  to  the  apparent  lobes 
on  the  septa.  The  calices  are  not  preserved  intact,  but 
that  12  pali  existed  seems  quite  clear.  Endotheca  very 
well  developed. 

The  original  description  needs  modification 
in  only  one  particular.  The  excellent  suite  of 
specimens  obtained  by  Mendenhall  and  Bowers 
shows  that  the  columella  is  trabecular  and  is 
not  like  that  of  the  type  species  of  Stephano- 
coenia  (Madrepora  intersepta  Esper).  The  ter- 
tiary septa  may  or  may  not  fuse  to  the  sides  of 
the  secondaries;  in  the  same  calices  some  of 
the  tertiaries  are  fused  to  the  secondaries,  and 
others  have  free  inner  margins. 

As  often  happens  when  a  new  species  is  based 
on  a  single  specimen,  or  only  a  fewspecimens,  the 
type  specimen  of  this  species  does  not  represent 
the  usual  character  of  the  species.  The  typo  has 
an  cxplanate  mode  of  growth  and  crowded  cahces 
separated  by  narrow  walls.  Plate  XCV,  figure 
3,  represents  a  typical  specimen,  one-half  nat- 
ural size.  It  is  a  pulvinato  mass,  185  millimeters 
in  diameter,  and  68  millimeters  thick.  Plate 
XCV,  figure  3a,  represents  a  group  of  calices,  en- 
larged four  times.  Specimens  such  as  this  might 
be  considered  to  represent  a  species  distinct  from 
those  later  described  as  the  varieties  normalis 
and  minor,  were  not  intergradation  completely 
shown.  Plate  XCV,  figures  4,  4a,  gives  two 
views  of  two  calicular  areas,  each  enlarged  four 
times,  on  the  same  specimen,  to  show  variation 
in  the  intercorallite  walls.  It  appears  that 
flattish  colonies  have  crowded  calices  and  that 
more  or  less  hemispherical  colonies  have  more 
distant  calices. 

LocaUty:  Alverson  Canyon,  Carrizo  Creek, 
Imperial  County,  Cal. 


Solenastrea  fairbankal  var.  columnaris  (Vaoghan) 

Vaughan. 

Plate  XCVI,  figures  1,  la. 

1900.    SUphariocania  faxrhavkii  var.  columtuxris  Vaughan, 

U.  S.  Geol.  Survey  Mon.  39,  p.  151,  pi.  17,  figs. 

10,  10a. 
1906.    SUpharioccBniafairhaTiksi  var.  columnaria  Vaughan, 

in  Arnold,  Tertiary  and  Quaternary  pec  tens  of 

California:  U.  S.  Geol.  Survey  Prof.  Paper  47, 

p.  22. 
1916.    Stephanocomia  fairhankn    var.    columnaris   Nom- 

land,  California  Univ.  Dept.  Geology  Bull.,  vol. 

9,  p.  60. 

This  variety  differs  from  the  typical  form  of 
the  species  in  its  columnar  growth  form  and 
on  the  average  its  wider  intercorallite  areas. 
Both  characters  are  shown  in  the  figures. 

Locality:  Barrett  Canyon,  Carrizo  Creek, 
Imperial  County,  Cal. 

Solenastrea  fairbanksl  var.  normalia  Vaughan,  n.  var. 

Plate  XCVI,  figures  2, 2a,  2b,  2c;  Plate  XCVII,  figures  1,  la. 

Most  of  the  specimens  of  this  variety  are 
more  or  less  hemispherical  in  form,  and  some 
attain  a  height  of  over  320  millimeters.  The 
calicular  characters  are  similar  to  those  of  the 
type  specimen,  except  that  the  calicular 
margins  are  free,  are  slightly  elevated,  and 
may  be  as  much  as  2  milUmeters  apart.  The 
costSB  are  distinct  just  below  the  calicular 
margins  and  may  or  may  not  meet  on  the 
intercorallite  areas. 

The  range  in  diameter  of  the  calices  is  from 
2.5  to  3.5  millimeters,  and  the  usual  diameter 
is  about  3  millimeters.  This  variety  is  dis- 
criminated from  variety  minor  solely  by  its 
somewhat  larger  calices. 

Localities:  Alverson  and  Barrett  canyons, 
Carrizo  Creek,  Imperial  County,  Cal. 

Solenastrea  fairbanksl  var.  minor  Vaaghan,  n.  var. 

Plate  XCVII,  figures  2,  2a,  2b,  2c. 

This  variety  differs  from  var.  nxyrmalis  by 
its  smaller  calices,  which  range  from  1.5  to 
2  millimeters  in  diameter.  The  inner  ends  of 
the  tertiary  septa  are  usually  but  not  invariably 
free. 

LocaUty:  Alverson  Canyon,  Carrizo  Creek, 
Imperial  County,  Cal. 

Affinities  of  Solenastrea  fairbanksl. 

The  illustrations  of  Solenastrea  fairbanJcsi 
(PI.  XCV,  figs.  3,  3a,  4,  4a;  PI.  XCVI,  all 
figures;  and  PL  XCVII,  all  figures)  may  be 
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compared  with  those  of  Solenastrea  hyades 
(Dana)  (  PI.  XCVIII,  aU  figures),  from  the 
Pliocene  Caloosahatchee  marl  of  Florida,  and 
with  those  of  SolencLStrea  houmoni  Milne 
Edwards  and  Haime  (Pis.  XCIX  and  C,  all 
figures),  which  is  now  living  in  the  West  Indies 
and  is  a  common  species  in  the  Caloosahatchee 
marl  in  Florida.  Although  these  seem  to  be 
three  well-marked  species  they  are  all  closely 
related.  The  only  species  at  present  Uving  in 
the  Pacific  which  seems  to  me  to  belong  system- 
atically near  this  group  of  species  is  the  coral 
from  Wake  Island  to  which  Dana  applied  the 
name  Astrsea  (OrMceUa)  pleiades  and  which 
was  subsequently  referred  to  Solenastrea  by 
Verrill.  (Dana's  original  specimen  is  No.  56, 
U.  S.  National  Museum.)  The  Carrizo  Creek 
specimens  seem  to  me  more  closely  related  to 
the  West  Indian  and  Floridian  specimens  than 
to  the  form  from  Wake  Island. 

Family  FAVUDJE  Gregory. 
Oenns  MiEAND&A  Oken. 

1815.  Mseandra    Oken,    Lehrbuch  der  Naturgeschichte, 

Theil  3,  Abt.  1,  p.  70. 
1902.  Mfeandra  Verrill,  Connecticut  Acad.  Arts  and  Sci. 

Trans.,  vol.  11,  p.  66. 
Type  species:  Madrepora  labyrinthi/ormu  Linnaeus. 

Msandra  bowers!  Vaughan,  n.  sp. 

Plate  CI,  figures  1,  la. 

1906.  DiploTxa  bowersi  (nomen  nudum)  Vaughan,  in  Arnold, 
Quaternary  pectens  of  California:  U.  S.  Geol. 
Survey  Prof.  Paper  47,  p.  22. 

Corallum  massive,  subhemispherical.  Type 
is  a  piece  of  a  specimen  whose  diameter  is 
about  70  millimeters;  thickness  about  37  milli- 
metehi. 

Valleys  relatively  long  and  sinuous,  27  milli- 
meters a  common  length;  one  exceeds  40 
millimeters.  A  few  circumscribed  calices;  one 
of  these  is  about  6.5  millimeters  in  diameter. 
Width  of  valleys  from  3.75  to  5.5  millimeters; 
usually  about  4  millimeters;  depth  about  2 
millimeters.  Interserial  colUne  with  a  shallow 
median  depression;  width  of  coUine  from  1.75 
to  3.5  millimeters,  usually  2.5  to  3  millimeters. 
Cost®  well  developed,  correspond  to  all  septa, 
distant,  edges  acute. 

Septa,  about  8  large  ones,  which  reach  the 
columella,  to  1  centimeter;  intermediate  rudi- 
mentary septa  variable  in  development,  present 
in  some  places,  absent  in  others. 


Columella  false,  trabecular,  fairly  well  de- 
veloped. 

Locality:  Carrizo  Creek,  Imperial  County, 
Cal.     Stephen  Bowers,  collector. 

Affinities:  This  species  resembles  Mseandra 
a^ Diploria^^)  labyrinthiformis,  of  Florida  and 
the  Antilles,  but  as  the  latter  has  about  12 
principal  septa  to  the  centimeter,  the  two  species 
can  readily  be  distinguished.  Plate  CI,  figure  2, 
presents  a  view  of  the  valleys  and  collines  of 
if.hbyHnthiformiSytyncenatUTeilsize.  The  only 
known  living  species  of  Mseandra  closely  related 
to  M.  bowersi  are  in  the  West  Indies,  none  at  all 
being  known  in  the  modern  Indo-Pacific  faunas. 

MADBSPORABIA  FTTNOIDA. 

FamUy  AGASICIIDiB  VeniU. 

Oenns  SIDX&ASTBEA  De  BlalnyiUe. 

1830.  Siderastrea  De   Blainville,   Dictionnaire  dee   sci- 
ences naturelles,  vol.  60,  p.  75. 
Type  species:  Madrepora  galaxea  Ellis  and  Solan- 
der,  1786  =  Madrepora  radiam  Pallas,  1766. 

Siderastrea  mendenhalU  Vaaghan,  n.  ap. 

Plate  CI,  figures  3.  3a,  4. 

The  corallum  is  massive  in  form  and  has  a 
flattish,  rounded,  or  undulate  upper  surface. 
Some  colonies  attained  a  large  size,  as  one 
specimen,  not  here  described  in  detail,  is  425 
millimeters  tall  and  over  440  millimeters  in 
diameter  on  its  upper  surface. 

Cahces  regularly  polygonal  or  usually  more 
or  less  deformed;  diameter  from  4  to  7  milli- 
meters in  those  regularly  polygonal;  greater 
diameter  of  deformed  cahces  as  much  as  7  mil- 
limeters; shorter  diameter,  from  about  2.5  to  4 
millimeters.  The  calicular  cavities  are  rather 
shallow,  the  septal  margins  sloping  gently  from 
the  narrow  intercorallite  wall  to  the  bottom  of 
the  fossa. 

Septa  rather  thin,  crowded,  usually  in  four 
complete  cycles,  the  higher  cycles  grouped 
around  the  secondaries  and  tertiaries,  as  is 
usual  in  the  genus.  In  many  small  calices  the 
fourth  cycle  is  incomplete  in  some  systems; 
in  large  calices  there  are  many  members  of  the 
iifth  cycle.  Septal  dentations  rather  fine,  13  or 
more  on  the  large  septa;  about  15  dentations 
were  counted  on  a  septum  2  millimeters  long. 
Synapticulffi  highly  developed,  extending  more 
than  halfway  from  the  wall  to  the  columella; 
as  many  as  10  were  coimted  between  the  waQ 
and  the  columella  in  one  interseptal  loculus. 
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Columella  rather  small,  false;  upper  surface 
finely  papillate. 

Localities:  Alverson  and  Barrett  canyons, 
Carrizo  Creek,  Imperial  County,  Cal. 

Affinities:  This  species  belongs  to  the  same 
group  as  Siderastrea  siderea  (Ellis  and  Solander) , 
which  is  one  of  the  common  corals  on  the  living 
reefs  of  Florida  and  the  West  Indies,  but  S. 
siderea  has  deeper,  rather  fimnel-shaped  calices. 
S.  mendeTiJiaUi  is  close  to  a  species  found  in 
the  Caloosahatchee  Pliocene  of  Florida  but  not 
yet  described  in  print. 

Siderastrea  mendenhalli  var.  minor  Vanghan,  n.  yar. 

Plate  CXI,  figure  1. 

This  variant  is  separated  from  the  typical 
examples  of  the  species  by  the  smaller  average 
size  of  its  cahces.  There  is  intergradation,  as 
the  largest  calices  of  the  variant  are  4  milli- 
meters in  diameter,  but  most  of  them  are  3 
millimeters  or  less  in  diameter.  The  fourth 
cycle  of  septa  is  usually  incomplete  in  some  of 
the  systems. 

Locality:  Barrett  Canyon,  Carrizo  Creek, 
Imperial  Coimty,  Cal. 

Siderastrea  californica  Vaughan,  n.  sp. 

Plate  CXI,  figures  2,  2a,  3,  4. 

1906.  Siderastrea  californica  (nomen  nudum)  Vaughan, 
in  Arnold,  Tertiary  and  Quaternary  pectens  of 
California:  U.  S.  Geol.  Survey  Prof.  Paper  47, 
p.  22. 

Corallum  of  massive  growth  form;  upper 
siu^ace  flattish  or  roimded.  The  largest  speci- 
men is  75  by  93  millimeters  in  diameter,  and  105 
millimeters  tall. 

Calices  polygonal,  not  greatly  deformed. 
Diameter  of  a  large,  fully  grown  one  4.5  milli- 
meters; usual  diameter  of  adult  caUces  4  milli- 
meters; young  calices  2.5  millimeters  or  less 
in  diameter.  Walls  rather  thick.  Calicidar 
cavities  shallow,  or  superficial. 

Septa  relatively  thick,  especially  the  six 
primaries  and  either  two  or  four  secondaries. 
There  are  three  complete  cycles,  and  in  many 
specimens  the  fourth  cycle  is  complete  in  four 
of  the  six  systems  but  not  developed  in  two 
systems,  one  on  each  side  of  a  primary.  The 
septal  trabeculae  are  coarse  and  produce  about 
10  dentations  on  a  primary  septum.  As  there 
are  fewer  septal  trabeculs?  there  are  corre- 
spondingly fewer  and  coarser  synapticulae  than 
in  S,  mendenhalli. 


Columella  false,  papillary;  becomes  second- 
arily compacted  so  that  it  projects  as  a  stout 
style  in  weathered  calices. 

Localities:  Carrizo  Creek  (type,  Stephen 
Bowers  collector);  Barrett  Canyon,  Carrizo 
Creek,  Imperial  County,  Cal. 

Affinities:  This  species  can  be  readily  distin- 
guished from  8.  TnendejihaUi,  if  the  material  is 
well  preserved,  by  its  fewer,  thicker,  and  more 
coarsely  dentate  septa.  It  is  very  close  to  an 
imdescribed  species  from  the  Caloosahatchee 
Pliocene  and  is  near  S.  radians  (Pallas) ,  which 
is  widely  distributed  in  the  Pleistocene  and 
Recent  reef  areas  of  the  western  Atlantic 
Ocean  and  the  Caribbean  Sea.  Both  Sideras- 
trea TnendenkaUi  and  S.  caMfomica  are  repre- 
sented by  closely  related,  very  similar,  parallel 
species  in  the  Pliocene  Caloosahatchee  marl  of 
Florida.  The  septa  of  one  of  the  Florida 
species  are  composed  of  small  trabeculsB, 
which  produce  finely  dentate  septal  margins 
and  crowded,  small  synapticulae,  as  in  S^.  meTir- 
denhaUi,  The  septa  of  the  other-  species  are 
composed  of  relatively  coarse  trabeculsB,  and 
therefore  the  septal  dentations  are  coarse  and 
the  synapticulae  are  large,  as  in  S.  californica. 
Living  species  of  Siderastrea  occur  in  the  Phil- 
ippine Islands,  the  Indian  Ocean,  and  the  Red 
Sea,  but  the  closest  relatives  of  the  Carrizo 
Creek  species  are  in  the  Caloosahatchee  Plio- 
cene of  Florida. 

MADSEPORABIA  PEKFORATA. 

Family  POBTTIDiE  Dana. 

Oenus  POBITES  Link. 

1807 .  Porites  Link,  Beechreibungen der  Naturaliens  Samm- 
lungen,  Rostock,  p.  162. 
Type  species:  Madrepora  pontes  Pallas. 

Porltes  carrlzensis  Vaaghan,  n.  sp. 

Plate  CXI,  figures  5,  5a,  5b,  6,  6a. 

Corallum  of  nodular  or  subhemispherical 
form  with  small  gibbosities  on  its  surface.  The 
holotype  is  62.5  by  71  millimeters  in  diameter 
and  49  millimeters  thick;  upper  surface  flat- 
tish. 

Calices  polygonal,  small,  1 .4  to  1.7  millimeters 
in  diameter;  excavated,  but  only  moderately 
deep.  Separating  wall  interrupted,  zigzag, 
with  coarse  mural  denticles.  Its  upper  edge 
may  be  acute,  or  in  places  where  the  outer 
mai^ins  of  the  septa  are  wide  it  may  be  flat* 
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tisb,  with  a  slight  development  of  intercorallite 
reticulum,  which  is  as  much  as  1  millimeter 
across. 

Septa  rather  thick,  12  In  number,  arranged 
according  to  the  poritid  scheme ;  there  is  a  soli- 
tary directive,  four  lateral  pairs,  and  a  directive 
triplet.  The  inner  ends  of  the  triplet  are  more 
or  less  free;  as  a  rule  the  laterals  of  the  group 
do  not  pronouncedly  bend  toward  the  included 
directive,  but  in  some  calices  they  seem  to  join 
it.  In  places  there  are  suggestions  of  trident 
formation.  There  is  some  indefiniteness  in  the 
lateral  pairs. 

In  places  the  septa  are  narrow  m  their  upper 
parts;  usually  they  are  relatively  wide  over  the 
wall,  where  their  upper  margins  are  flattened, 
while  their  inner  margins  fall  steeply  to  the 
bottom  of  the  cahcular  fossa.  Normally  there 
is  a  single,  somewhat  detached,  rather  coarse 
septal  granule  between  the  wall  and  the  palar 
ring.  The  specimens  show  a  fairly  well  devel- 
oped outer  synapticular  ring,  and  the  palar. 


synaptieular  ring  is  usually  complete.  There 
is  no  conspicuous  thickening  of  the  horizontal 
structures,  the  skeletal  elements  being  pre- 
dominantly radial  in  the  septa,  and  concentric 
in  the  wall  and  in  the  synapticular  rings  within 
the  calices, 

Pali  are  fairly  well  developed  but  appear 
variable  in  number,  from  4  to  6. 

There  is  a  weak  columellar  tubercle  in  some 
calices,  but  if  it  was  present  it  has  been  broken 
in  most  of  them. 

Locality:  Barrett  Canyon,  Carrizo  Creek, 
Imperial  County,  Cal. 

Affinities:  This  species  has  the  same  growth 
form,  the  same  sized  calices,  the  same  mural 
characters,  and  the  same  kind  of  septal  margins 
as  P.  astreoides  Lamarck,  of  Florida  and  the 
West  Indies.  There  is  also  a  similar  indefinite- 
ness  in  the  septal  grouping  of  each  species. 
The  calices  of  P.  carnz€n«is  seem  shaUower  and 
the  pali  better  developed  than  in  P.  astreoides, 
but  the  two  are  remarkably  alike. 


PLATES  XCIV-CII. 


377 


r 


PIuATE  XCIV. 

Figures  1,  la.  Dichocomia  merriami  (Vaughan)  Vaughan  from  Canizo  Creek,  Cal 370 

1.  Coralluin,  natural  size, 
la.  Calicee,  X  3. 

Figures  2,  2a.  Dichocoenia  stokegi  Milne  Edwards  and  Haime.    A  recent  specimen  from  Hog  Island,  Bahamas..      371 

2.  Corallum,  natural  size. 
2a.  Calicos,  X  3. 

Figures  3,  3a.  Didiocosnia  merriami  var.  croMuepia  Vaughan,  n.  var.,  from  Carrizo  Creek,  Cal 371 

3.  Corallum,  natural  size. 
3a.  Calicos,  X  3. 
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Figures  1,  la.  Eutmilia  carrizensis  Vaughan,  n.  sp.,  from  Carrizo  Creek,  Cal 369 

1.  Corallum,  natural  size. 

la.  Calicular  ends  of  branches,  X  2. 
Figures  2,  2a.  Eutmilia  fastigiata  (Pallas),  the  type  species  of  the  genus,  from  Cocoanut  Point,  east  side  of 
AndroB  Island,  Bahamas 369 

2.  Corallum,  natural  size. 
2a.  Calices,  X  2. 

Figures  3,  3a.  Solenastrea  /airbanksi  (Vaughan),  typical,  from  Carrizo  Creek,  Cal 372 

3.  3a.  Two  views  of  a  specimen  typical  of  the  species;  3,  upper  surface  of  corallum,  one-half  natural  size; 
3a,  calices,  X  4. 

Figures  4,  4a.  Two  views,  each  X  4,  of  the  calices  of  a  specimen  whose  calicular  characters  are  between  those 
exhibited  by  tjrpical  specimens  of  Solenastrea  fairbanhsi  and  those  of  var.  normalis.    (See  PL  XCVI',  figs. 

2-2c,  and  PL  XCVII,  figs-  1,1a) 373 
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Fiouuw  1,  1a.  SoUnoMireafaiirhttnksi  var.  columnarU  Vaughan  from  Carrizo  Creek,  Cal 373 

1.  Side  of  Bpecimen,  natural  size, 
la.  Top  of  speciinen,  natural  size. 

FiouRBS  2,  2^  2b,  2c.  Solenatluafairbanksi  var.  narmalis  Vaughan,  n.  var.,  from  Carrizo  Creek,  Cal.    (See  PL 
XCVII,  figi.  1,  U) 373 

2.  CoralliteB  as  revealed  by  a  fracture  parallel  to  their  longitudinal  axes,  natural  size. 
2a,  2b.  Two  areas  to  show  calicular  characters,  each  X  4. 

2c.  Corallites  as  exposed  by  a  fracture,  X  4. 
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Pace. 
Figures  1,  la.  Solenastrea  fairbankn  vax.  normalis  Vaugfaan,  n.  var.,  from  Carrizo  Creek,  Cal.    (See  PI.  XCVI, 
figs.  2,  2a,  2b,  2c) 373 

1.  Corallum,  one-half  natural  size, 
la.  Calices,  X  4. 

Figures  2,  2a,  2b,  2c.  Solenastrea  fairbanksi  var.  minor  Vaughan,  n.  var.,  from  Carrizo  Creek,  Cal 373 

2.  Corallum,  one-half  natural  size. 

2a,  2b,  2c.  Calices,  each  X  4,  from  three  areaa. 
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Solenattrea  hyades  (Dana)  from  the  Pliocene  Calooeahatchee  marl  of  Florida 374 

Figures  1,  la.  Two  views  of  the  same  specimen. 

1.  Corallum,  natural  size, 
la.  Calicee,  X  4. 

Figures  2,  2a.  Two  views  of  another  specimen. 

2.  (3orallum,  natural  size. 
2a.  Calices,  X  4. 

Figure  3.  Corallum  of  a  third  specimen,  natural  size. 
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SoUruutrea  houmoni  Milne  Edwards  and  Haime,  a  recent  species  from  the  West  Indies 374 

Figures  1,  la,  lb,  2.  retypes  of  Solenastrea  boumoni  in  the  Museum  d'histoire  naturelle,  Paris. 

1.  Ck>rallmn,  natural  size;  la,  calices,  X  4;  lb,  longitudinal  section,  X  4?  of  the  same  specimen. 

2.  Calices  of  a  second  specimen,  X  4.    (This  specimen  may  be  the  true  type.) 

Figures  3,  3a.  Specimen  labeled  CyphoMtrea  ohlita  Duchassaing  and  Michelotti,  in  the  Museum  d'his- 
toire  naturelle,  Paris. 

3.  Oorallum,  natural  size. 
3a.  Calices,  X  4. 

The  photographic  negatives  on  which  the  figures  in  this  plate  are  based  were  kindly  supplied  by  Dr.  Charles 
Gravier,  of  the  Museum  d^histoire  naturelle,  Paris. 
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SoUnastrea  h<ywmoni  Milne  Edwards  and  Haime 374 

Figure  1.  Calices  of  a  specimen  from  the  Pliocene  Caloosahatchee  marl  of  Florida,  X  4. 
Figures  2,  2a.  Two  views  of  the  same  specimen,  from  the  Caloosahatchee  marl. 

2.  Transverse  section  of  corallitee,  X  4. 
2a.  Longitudinal  section  of  corallites,  X  4. 

Figures  3,  3a,  3b.  Three  views  of  a  part  of  Duncan's  type  of  Plesiastrea  globosa  (presented  to  the  U.  S. 
National  Museimi  by  the  Geological  Society  of  London),  from  "silt  of  the  plain,  Santo  Domingo. '' 

3.  Corallum,  natural  size. 
3a.  Calices,  X  4. 

3b.  Longitudinal  section,  X  4. 
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FiouRES  1,  la.  Mxandra  howerti  Vaughan,  n.  sp.,  from  Carrizo  Creek,  Oal 374 

1.    Ck>rallum,  natural  size. 

la.  Part  of  calicular  surface,  X  2. 
Figure  2.  Mxandra  labyrinthtformis  (LinnBeus),  the  type  species  of  the  genus,  from  Goeoanut  Point,  east  side  of 

Andros  Island,  Bahamas.    View  of  calicular  surface,  X2 374 

FiGUBES  3,  3a,  4.  Sidaragtrea  mendenhalli  Vaughan,  n.  sp.,  from  Carrizo  Creek,  Cal 374 

3,  3a.  Two  views  of  the  same  specimen.    3,  Corallum,  natural  size;  3a,  calices,  X  6. 

4.  Calicular  surface  of  another  specimen,  natural  size. 
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FrouRB  1.  Sidenutrea  mendenhalli  var.  minor  Vaughan,  n.  var.,  from  Garrizo  Creek,  Oal.    Calicee,  X  4 375 

FiGimBs  2,  2a,  3,  4.  Sidanutrea  cali/omica  Vaughan,  n.  sp.,  from  Garrizo  Creek,  Cal 375 

2,  2a.  Two  views  of  the  holot3rpe.    2,  Upper  surface  of  the  corallum,  natural  size;  2a,  calices,  X  6. 

3,  Calices  of  a  paratype,  X  6. 

4,  Calices  of  a  second  paratype,  X  6. 

FiQUBBS  5,  5a,  5b,  6,  6a.  Pontes  carrizerms  Vaughan,  n.  sp.,  from  Cariizo  Creek,  Cal 375 

5,  5a,  5b,  Views  of  the  holotype.    5,  Corallum,  natural  size;  5a,  a  calice  retouched  on  a  photograph,  X  8; 
5b,  the  calice  represented  by  5a  from  the  same  photograph  but  without  retouching. 

6,  6a,  Calices  of  a  paratype.    In  figure  6  one  calice  has  been  retouched  on  the  photograph;  figure  6a  is  from 
a  photograph  on  which  none  of  the  calices  were  retouched. 
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